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PREFACE 


This  report  presents  the  major  results  of  a  cooperative  wartime  project 
to  which  many  persons  contributed.  The  authors  listed  on  a  preceding- 
page  were  most  directly  concerned  with  its  development  and  course. 
Others  who  cooperated  in  individual  experiments  are  cited  in  the  text. 
The  help  of  still  others  remains  to  be  acknowledged. 

During  the  planning  and  developmental  periods  of  this  project  a  great 
deal  of  unpublished  information  was  made  available  to  us  and  served  as 
an  indispensable  foundation  for  this  work.  Much  of  this  information  is 
expected  to  be  published,  but  in  many  instances  references  useful  to  the 
general  reader  are  not  yet  available.  Such  sources  are  acknowledged 
in  the  text  and  referred  to  in  the  bibliography  as  personal  communica¬ 
tions  by  name  and  original  date. 

Much  additional  information,  many  helpful  ideas  and  a  great  deal  of 
advice  and  useful  criticism  were  supplied  in  consultations  with  many 
persons.  This  work  would  not  have  been  possible  but  for  such  aid. 

We  wish  to  express  our  grateful  acknowledgment  for  suggestions  and 
advice  to  the  Technical  Staff  of  Camp  Detrick;  in  particular  to  Dr.  N.  P. 


Hudson,  Dr.  I.  L.  Baldwin,  Capt.  L.  D.  Fothergill  (MC)USNR,  Dr. 
G.  M.  Dack  and  C  ol.  0.  C.  Woolpert  MC,  AUS,  and  for  the  fine  coopera¬ 
tion  of  many  members  of  the  staff:  Lt.  Col.  M.  Sanders  MC,  AUS,  Lt. 
D.  W.  Watson  CWS,  AUS,  Maj.  W.  P.  Cromartie  MC,  AUS,  Dr.  C.  M. 
Downs,  Dr.  C.  Nigg,  Maj.  A.  Gorelick  YC,  AUS,  Lt.  G.  Pinchot  (MC) 
USNR,  Lt.  A.  C.  Guyton  (MC)USNR,  Lt.  W.  Bloom  (MC)USNR  and 
Capt.  L.  Coriell  MC,  AUS.  Lt.  D.  W.  Watson  participated  effectively 

in  the  earliest  planning  stage  of  the  project,  before  he  was  diverted  to 
other  fields. 


1  he  findings  m  experiments  conducted  by  Dr.  Paul  Fildes  and  his  co¬ 
workers  at  Porton,  England,  were  of  great  value  in  connection  with  many 
aspects  of  this  work,  with  particular  reference  to  the  quantitative  treat- 
ment^of  bactenolugica!  data.  We  owe  a  special  debt  of  appreciation  to 
'  '  •  Hendeison  of  the  1  orton  Laboratories,  who,  with  Dr.  W.  W. 

oos  esedthefir81  workable  equipment  for  exposure  of  animals 
ug  i  y  in  eetiye  clouds,  and  who  contributed  invaluable  basic  data 
anc  many  helpful  suggestions  during  his  several  visits  to  Camp  Detrick 
is  a  pleasure  to  express  our  thanks  and  appreciation  to  Dr  W  I 
Nungester  and  his  co-workers  at  Camp  Detrick  for  much  useful ‘advice 
°  C  0Ut  productlon  and  measurement;  to  Dr.  A.  F.  Langlykke,  Mr.  R. 
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Mitchell,  Capt.  C.  Tollman  CWS,  AUS,  and  Sgt.  R.  Ovens  of  the  en- 
gineeing  staff,  Camp  Detrick,  for  essential  cooperation  in  the  design  and 
construction  ot  the  cloud  chamber  installation;  to  Dr.  C.  Lanning  and 
Dr.  E.  A.  Ramskill  of  the  Naval  Research  Laboratories,  Washington, 
D.  O.,  for  many  practical  suggestions  and  for  direct  aid  in  procurement 
of  essential  equipment;  to  Col.  J.  H  Rothchild,  Major  R,  T.  Greep  and 
Capt.  O.  A.  Short  of  the  Chemical  Warfare  Laboratories  at  the  Massa¬ 
chusetts  Institute  of  Technology  for  advice  and  information,  particularly 
on  the  design  and  ventilation  of  airlocks;  to  Dr.  W.  Doyle  and  his  group 
at  the  University  of  Chicago  Toxicity  Laboratory  for  important  data  on 
atomizer  design,  on  the  dynamics  of  particulate  clouds,  and  particularly 
for  information,  advice  and  instruction  on  methods  for  the  measurement 
of  cloud  particle  size  distribution;  to  Dr.  E.  A.  Kabat  of  Columbia  Uni¬ 
versity  for  his  advice  and  cooperation  in  perfecting  methods  for  the  study 
of  basic  cloud  characteristics;  to  Dr.  A.  Hollaender  and  Dr.  H.  G.  DuBuy 
of  the  National  Institute  of  Health,  and  to  Dr.  O.  H.  Robertson,  Major 
C.  G.  Loosli  and  Dr.  T.  T.  Puck  of  the  University  of  Chicago  for  many 
helpful  suggestions  on  problems  of  experimental  air-borne  infection ;  and 
to  Mr.  Green,  Mr.  Pepys  and  Mr.  Smith  of  the  DeVilbiss  Company, 
Toledo,  Ohio,  for  their  cooperation  in  supplying  basic  information  on  the 
design  and  construction  of  atomizers. 


EDITOR’S  FOREWORD 

The  Board  of  Editors  of  the  Society  of  American  Bacteriologists 
decided,  at  its  meeting  in  Detroit  in  May,  1946,  to  renew  its  interest  and 
efforts  in  sponsoring  Bacteriological  Monographs.  Among  other 
things,  it  was  agreed  to  change  the  name  of  these  publications  to  Micro¬ 
biological  Monographs.  The  latter  title  connotes  less  restriction  in 
subject  matter  than  the  former. 

Arrangements  have  been  made  with  Williams  and  Wilkins  Co.,  of 
Baltimore,  to  publish  these  monographs. 

This  volume  is  the  first  publication  under  the  title  of  Microbiological 
Monographs.  It  describes  new  techniques  and  data  for  use  in  the  study 
of  fundamental  mechanisms  involved  in  air-borne  infections.  It  is 
believed  that  this  volume  will  be  of  great  interest  to  all  students  of 
respiratory  infections  and  to  those  who  are  concerned  with  the  general 
field  of  experimental  epidemiology. 

LeRoy  D.  Fothergill,  Editor 
Microbiological  Monographs 
Official  Publication  of  the  Society 
of  American  Bacteriologists 

Camp  Detrick 
Frederick,  Maryland 
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Section  I 
Introductory 


SCOPE  OF  THE  PROJECT 


The  cloud  chamber  project  was  instituted  at  Camp  Detrick  in  Decem¬ 
ber,  1943.  Its  assigned  task  was  to  devise  and  set  up  an  installation 
equipped  for  the  study  of  air-borne  clouds  of  highly  infective  agents 
under  conditions  of  safety  to  the  operating  personnel  and  others,  and 
in  a  manner  such  as  to  elicit  reproducible  quantitative  data  on  infection 
of  small  laboratory  animals  by  the  inhalation  route.  This  report  pre¬ 
sents  the  principal  results  obtained  in  the  pursuit  of  these  objectives, 
and  in  preliminary  studies  of  infective  agents  as  such,  up  to  the  time 
when  experimental  work  was  terminated  soon  after  the  end  of  the  war. 
At  that  time  the  installation  was  complete  and  had  been  operated  at, 
or  nearly  at,  full  capacity.  New  equipment  had  been  devised,  con¬ 
structed,  assembled,  tested,  and  successfully  operated.  New  methods 
had  been  developed  and  applied  with  satisfactory  results.  Several  of  the 
most  notorious  incitants  of  laboratory  infections  had  been  handled 
during  six  months  of  continuous  operation  with  a  remarkable  record  of 
safety.  Only  one  laboratory  infection  occurred,  a  case  of  psittacosis. 
Ihis  case,  moreover,  on  the  basis  of  evidence  presented  elsewhere  (51), 
has  been  attributed  to  a  known  incident  that  in  no  way  inculpates  the 
equipment  or  the  techniques  of  the  cloud  chamber  installation. 

The  equipment  and  methods  described  in  this  report  were  developed 
and  used  during  the  war  period  under  conditions  which  contributed  both 
advantageous  and  disadvantageous  effects.  It  seems  doubtful  that  such 
a  project  could  have  been  seriously  considered  in  peace  time,  much  less 
completed  on  the  scale  of  the  present  undertaking.  The  war  also  pro- 
V.ded  an  incentive  toward  both  individual  and  cooperative  effort  on  the 
part  Of  the  group  concerned  whose  importance  is  not  easily  overempha- 
B,Zed.  On  the  other  hand,  the  need  to  develop  the  project  toward  its 
practical  objectives  made  it  impossible  to  establish  each  stage  in  n 
equence  o  experiments  before  proceeding  to  the  next.  Experience  has 
a.gelv  jus  ified  the  course  taken,  but  it  is  apparent  that  large  areas  of 
oundation  of  quantitative  air-borne  infection  remain  to  be  explored. 
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Many  ot  the  methods  described  in  this  report  are  applicable  to  quanti¬ 
tative  studies  of  air-borne  infection  in  which  essentially  different  equip¬ 
ment  is  used.  Much  of  the  information  given  is  likewise  believed  to  be 
of  interest  in  relation  to  problems  of  air-borne  infection  in  general.  It 
is  the  particular  object  of  this  report,  however,  to  describe  the  cloud 
chamber  installation  at  Camp  Detrick  and  the  methods  developed  there 
as  a  basis  for  further  research  with  this  or  with  comparable  equipment. 
Data  are  given  which  bear  on  the  usefulness  of  special  apparatus,  or 
indicate  the  basis  upon  which  it  was  selected.  Experimental  findings 
that  underlie  certain  methods  of  calculation  and  other  procedures  are 
also  given. 

The  findings  obtained  with  infective  agents,  as  given  in  Section  V,  are 
all  preliminary,  representing  what  had  been  accomplished  when  the 
project  was  discontinued.  They  are  concerned  principally  with  (a) 
media  selected  for  collection  of  cloud  samples;  (b)  the  choice  of  a  sus¬ 
pending  medium  for  atomization;  (c)  other  aspects  of  a  study  of  stability 
or  recoverability  of  clouds  of  the  given  agent;  and  (d)  the  respiratory 
infectivity  or  lethality  of  the  infective  agents  for  laboratory  animals. 
Certain  additional  cloud  chamber  data,  not  included  in  this  report,  have 
been  presented  elsewhere  (51,  53,  58). 


H ISTOR ICAL  BACKGROUND 


SUMMARY  OF  THE  LITERATURE 

Problems  concerned  with  the  transmission  of  infection  through  the 
air,  at  a  distance  greater  than  that  envisaged  under  the  term  “droplet 
infection,”  and  through  the  agency  of  infective  particles  small  enough 
to  remain  suspended  in  air  for  long  periods,  have  been  studied  and 
reported  on  extensively,  particularly  during  the  ten  years  preceding  the 
initiation  of  the  present  work.  These  studies  have  been  reviewed  at 
length  by  Buchbinder  (2),  Robertson  (48)  and  Krueger  et  al  (27),  and 
their  details  need  not  be  reconsidered  here.  The  literature  that  was 
found  most  useful  in  connection  with  this  work  was  that  which  deals 
with  the  design  of  experimental  spray  chambers  (43,  49,  50,  10);  vith 
methods  for  sampling  bacteria  in  air  (62,  23,  1,  66,  38,  8),  with  the 
design  and  performance  of  atomizers  (16,  63,  13,  34);  and  with  the  quan¬ 
titative  treatment  of  cloud  chamber  data  (43,  33,  15).  While  the^e 
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reports  provided  an  indispensable  background  of  information  the  prin¬ 
cipal  trend  of  the  present  project  was  along  different  lines,  determined 
particularly  by  the  need  to  work  with  highly  infective  agents,  and  the 
safety  considerations  thereby  imposed.  The  apparatus  and  methoc  s 
developed  by  Reyniers  (46),  by  means  of  which  laboratory  animals  could 
be  removed  from  the  mother  by  aseptic  Caesarian  section  and  main¬ 
tained  for  long  periods  without  bacterial  contamination,  served  as  one 
of  the  primary  bases  for  the  cloud  chamber  techniques  to  be  described. 
The  Reyniers  chamber,  modified  to  meet  the  special  needs  of  the  present 


project,  is  the  central  item  of  equipment  for  these  methods. 

Safety  of  the  operating  personnel  and  prevention  of  contamination  of 
the  outside  environment  are  primary  limiting  aspects  of  the  cloud  cham¬ 
ber  problem  as  it  applies  to  the  handling  of  highly  infective  agents.  All 
cloud  chamber  methods  developed  previously  to  this  work  were  consid¬ 
ered  hazardous  for  the  present  purpose.  Some  of  the  methods  of  Rey¬ 
niers,  which  had  been  developed  to  prevent  the  ingress  of  contamination 
into  the  germ-free  system,  lent  themselves  to  the  opposite  requirement 
of  prevention  of  egress  of  infective  agents  into  the  outside  environment. 


Safety  devices,  such  as  the  ventilated  cabinet  described  by  van  den 
Ende  (12)  for  safe  intranasal  inoculation  of  typhus  rickettsiae,  also 
contributed  ideas.  In  addition,  studies  on  air  disinfection  with  glycols 
(44,  48),  and  on  air  sterilization  with  ultraviolet  radiation  (64,  65,  21,  22) 
formed  the  bases  of  installations  utilizing  these  methods. 


HISTORY  OF  THE  PROJECT 

This  project  was  initiated  in  December,  1943,  and  a  plan  was  presented 
for  discussion  shortly  thereafter.  The  plan  embraced  apparatus  to  be 
constructed  at  Camp  Detrick  and  to  be  housed  in  a  single  room  of  an 
existing  building  which  had  been  tentatively  assigned  for  the  purpose. 
It  was  proposed  to  subdivide  this  room  into  three  compartments,  to  be 
devoted  respectively  to  preparation  and  plating,  cloud  chamber  appa¬ 
ratus,  and  animals.  Immediate  needs,  were  thus  to  be  met  in  limited 
fashion.  The  plan  was  not  put  into  effect  at  the  time,  and  in  subse¬ 
quent  months  modified  and  expanded  plans  were  made  until  they  en- 
( ompassed  the  hnal  installation.  It  was  decided  that  wherever  possible 
laigei  items  of  equipment  should  be  procured  from  outside  sources 
instead  of  being  fabricated  at  the  Camp  shops.  It  was  also  considered 
wise  to  plan  a  separate  cloud  chamber  building  rather  than  to  use  avail¬ 
able  space  for  a  temporary  installation.  Arrangements  were  accordingly 
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comp  eted  in  April,  1944  to  have  the  cloud  chambers  proper  fabricated 
by  Reyniers  &  Son,  Chicago,  and  plans  for  an  isolated  cloud  chamber 
installation  were  drawn  up.  Final  approval  was  obtained  in  July,  1944 
and  construction  ol  the  building  was  started  soon  thereafter.  Late  in 
the  same  month  the  first  Reyniers  unit  was  delivered.  Arrangements 
were  then  made  to  install  the  equipment  temporarily  in  an  existing 
building,  in  space  comparable  with  that  proposed  in  the  original  plan. 
Enough  equipment  was  gathered  to  begin  work  in  this  temporary  in¬ 
stallation  early  in  September,  1944.  From  this  time  until  January, 
1945,  while  the  cloud  chamber  building  was  approaching  completion, 
basic  studies  were  carried  on  with  dyes  and  non-pathogens  as  agents, 
and  preliminary  studies  were  undertaken  with  Brucella  suis  and  with 
meningopneumonitis  virus.  Much  of  the  work  on  atomizers  detailed 
in  Section  III  was  conducted  during  this  interval.  The  considerable 
experience  gained  from  these  early  studies  was  carried  over  to  the 
permanent  installation  and  facilitated  an  early  start  there.  The  cloud 
chamber  building  was  ready  lor  occupancy  in  January,  1945.  The  cloud 
chambers  and  accessory  equipment  were  then  installed  and  operating 


crews  assembled  and  trained,  while  basic  investigation  of  methods  con¬ 
tinued.  A  series  of  safety  tests  having  proved  satisfactory,  work  with 
infective  agents  was  begun  on  21  March,  1945  and  continued  until 
shortly  after  the  end  of  the  war. 

Since  the  Reyniers  units  are  the  central  items  of  cloud  chamber  equip¬ 
ment,  a  note  on  the  manner  of  their  selection  and  the  changes  made  in 
them  is  in  order.  When  it  was  decided  to  have  cloud  chamber  equip¬ 
ment  built  outside  of  Camp  Detrick,  a  search  was  made  for  commercially 
available  apparatus  that  could  be  used  without  extensive  or  elaborate 
modification.  The  Reyniers  “SP-4-B  Germ-free  Unit”  was  selected 
as  the  cloud  chamber  proper  upon  consideration  of  several  alternatives 
and  after  examination  of  equipment  at  the  laboratories  of  Lt.  J.  A. 
Reyniers  at  Notre  Dame  University.  It  was  evident  that  this  device 
could  be  used  with  less  modification  than  would  have  been  required  with 
other  apparatus,  such  as  commercial  autoclaves.  The  equipment  was 
ordered  from  Reyniers  A  Son,  Chicago,  with  only  minor  modifications, 
comprising  shortening  of  the  support,  enlargement  of  the  airlock  (“food- 
clave”),  elimination  of  two  framed  openings,  and  inclusion  ol  a  series 
of  threaded  pipe  openings  for  air  and  steam  entry,  vacuum  exhaust,  and 
sampling.  Additional  modifications,  dictated  by  experience,  have  since 
been  made:  The  glove  rings  have  been  remodeled  to  prevent  chafing 
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of  the  upper  arm  in  use;  a  split  ring  device  has  been  provided  to  hold 
firmly  the  heads  of  bolts  used  to  close  the  outer  end  of  the  airlock;  a 
sliding  trapdoor  has  been  constructed  in  the  inner  platform  which  serves 
as  the  floor  of  the  chamber;  and  additional  openings  for  pressure  gauges 
and  for  other  purposes  have  been  made.  Of  greatest  significance,  a 
hinged  port  closure  has  been  built  and  installed  to  replace  the  bolted 
inner  airlock  plate.  Some  of  these  modifications  are  shown  in  figures 
5,  6  and  7. 


Section  II 
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THE  CLOUD  CHAMBER  BUILDING 

GENERAL  PLAN 

1  he  floor  plan  of  the  cloud  chamber  building,  exclusive  of  the  air 
incinerator,  is  shown  in  figure  1.  The  type  of  construction,  in  common 
with  other  buildings  at  Camp  Detrick,  includes  hollow  tile  walls  and 
partitions  on  a  concrete  floor  and  foundation.  The  ventilation  system 
tor  the  building,  including  blowers  which  exhaust  the  air  from  the  experi¬ 
mental  rooms  to  the  air  incinerator,  is  housed  in  the  attic.  The  building 
is  semi-air-conditioned;  i.e.,  windows  are  fixed;  air  entering  rooms  of  the 
building  via  ceiling  louvres  is  heated  bv  steam  during  cold  weather  but 
is  not  cooled  in  summer.  Large  vacuum  pumps,  which  exhaust  the  air 
from  the  experimental  chambers  proper  and  from  the  ventilated  animal 
boxes,  are  situated  in  the  air  incinerator  building. 

The  main  portion  of  the  building  is  48  feet  8  inches  wide  and  93  feet 
6  inches  long.  Of  the  two  small  wings  (fig.  1),  one  ( E )  was  originally 
built  for  use  by  another  project  but  was  subsequently  made  available 
as  a  shop  for  the  cloud  chamber  building.  The  other  (IN)  houses  a 
refuse  incinerator  which  is  connected  with  the  chimney  of  the  air  inciner¬ 
ator.  The  latter,  not  shown  in  the  figure,  is  situated  behind  and  ad¬ 
jacent  to  this  wing. 

The  main  entrance  to  the  building  is  shown  at  the  left  of  the  figure. 
One  enters  a  short  corridor  which,  closed  at  its  far  end  by  a  door,  consti¬ 
tutes  with  the  rooms  on  either  side  a  “clean”  area,  lo  the  right  of  the 
corridor  are  offices  (OF)  and  to  the  left,  latrines  (L)  and  the  outside 
change  room  (O.C.).  Persons  enter  the  building  through  the  outside 
change  room,  which  is  provided  with  clothes  lockers,  lliey  iemo\e 
all  their  clothing  and  put  on  laboratory  uniforms  according  to  the  stand¬ 
ard  procedure  in  most  of  the  laboratory  buildings  at  (  amp  Detiick. 
They  can  enter  the  building  either  through  the  shower  stall  (S)  and  the 
inside  change  room  (I.C.)  or  via  the  corridor  and  connecting  dooi. 
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Beyond  this  door  is  the  “contaminated”  area.  This  consists  of  two 
operating  suites,  identical  except  in  size,  and  a  group  ot  service  area.. 
The  operating  suite  is  described  in  detail  in  the  following  section.  Be¬ 
tween  the  two  suites,  in  the  center  of  the  building,  is  an  inside  service  area 
(I  s  )  with  autoclaves  and  other  sterilizing  equipment  and  a  refrigerator . 
A  central  room  in  the  rear  of  the  building  (C.P.)  serves  for  animal  cage 
nrocessing.  Here  the  special  equipment  for  animal  maintenance  and 
handling,  to  be  described,  is  sterilized  in  the  large  autoclave  (ST), 
washed,  and  reassembled  for  use.  A  door,  normally  kept  closed,  con- 


Figure  1.  Floor  plan  of  the  cloud  chamber  building.  A,  animal  room;  AAL, 
animal  airlock;  AL,  airlock;  C,  chamber  room;  D,  decontamination  room;  E, 
shop;  I.C.,  inner  change  room;  IN ,  incinerator  room;  I.S.,  inner  service  area;  K, 
kitchen;  L,  latrine;  LAB,  laboratory;  O.C.,  outer  change  room;  OF,  office;  ST, 
sterilizer;  T,  transfer  room;  U,  utility  room. 

nects  this  room  with  the  utility  room  ( U) ,  a  “clean”  area  in  which  are 
housed  an  air-compressor,  water-boiler,  still,  laboratory  vacuum  pump, 
and  other  pieces  of  general  maintenance  equipment.  The  cage  proces¬ 
sing  room  also  connects  at  the  rear  with  the  enclosed  refuse  incinerator 
room,  which  opens  through  a  window  to  the  outside  air.  An  airlock 
(AL)  prevents  sudden  down  drafts  in  the  chimney  owing  to  the  pressure 
differential  between  the  building  as  a  whole  and  the  incinerator  room. 

Another  airlock  separates  the  cage  processing  room  from  the  outside 
service  room  or  kitchen  (K)  in  which  contaminated  glassware,  having 
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been  sterilized  in  the  inside  service  area,  is  washed,  resterilized,  and 
piepared  for  use.  1  he  kitchen  is  a  “clean”  area.  The  airlock  which 
separates  it  from  the  rest  of  the  building  is  provided  with  ultraviolet 
curtains  on  both  doors.  Personnel  within  the  building  do  not  pass  the 
outer  door  of  this  airlock,  but  deposit  apparatus  to  be  washed  on  a  table 
in  t  e  aii  ock.  On  the  other  hand,  the  kitchen  personnel  do  not  pass 
t  le  inner  door  ol  the  airlock,  but  enter  to  remove  glassware  to  be  washed 
and  to  place  prepared  glassware  on  shelves  in  the  airlock,  which  thus 
serves  also  as  a  storage  closet  for  pipettes,  petri  dishes,  and  other  items 
of  sterile  equipment  in  constant  use.  The  kitchen  and  utility  room  both 
communicate  with  the  outside  as  indicated  in  the  figure,  so  that  they  can 
be  entered  directly. 


Figure  2.  Plan  of  the  operating  suite.  A,  compressed  air  manifold;  C,  cloud 
chamber;  D,  air  driers;  H,  humidifier;  P,  control  panel;  S,  sump  tank;  T,  rolling 
table. 


THE  OPERATING  SUITE 


A  detailed  floor  plan  of  the  larger  operating  suite  is  shown  in  figure  2. 
It  comprises  (a)  a  general  laboratory,  including  a  transfer  room,  (b)  a 
chamber  room,  and  (c)  an  animal  room,  the  three  main  areas  being  inter¬ 
connected  as  shown. 

The  transfer  room  is  used  for  the  preparation  of  suspensions  to  be 
atomized  in  the  chamber,  and  for  the  operations  of  dilution  and  plating 
incident  to  cloud  chamber  runs.  It  is  kept  bare  of  equipment  except 
for  a  working  bench  without  drawers  or  cabinets,  and  for  apparatus  and 
materials  in  actual  use  during  a  given  operation.  It  is  ventilated,  as  are 
all  rooms  in  the  building  other  than  chamber  rooms,  decontamination 
rooms,  and  animal  airlocks,  by  an  inlet  louvre  in  the  ceiling,  and  an 
exhaust  grill  placed  high  on  the  rear  wall.  I  nlike  other  rooms,  however, 
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these  transfer  rooms  have  individual  controls  by  means  of  which  the 
ventilation  of  the  room  may  be  turned  on  or  olf.  I  he  air  turnover  in 
these  transfer  rooms  was  found  inadequate  and,  in  view  of  the  safety 


hazard  associated  with  quiescent  air,  the  vacuum  cocks  provided  on  the 
walls  over  the  bench  were  turned  on  to  augment  the  room  exhaust  during 
operations  with  infective  agents. 

The  laboratory  proper  contains  conventional  bacteriological  equip¬ 
ment  and  is  used  for  colony  counting,  colorimetric  determinations  on 


dyes  employed  as  simulants,  and  for  other  general  and  incidental  opera¬ 
tions.  The  laboratory  connects  with  the  chamber  room  through  (a)  an 
airlock,  which  also  opens  to  the  corridor,  and  (b)  a  decontamination 
room. 

The  airlock  contains  no  furniture  other  than  a  set  of  shelves  for  clean 
laboratory  uniforms.  During  a  run  all  three  doors  of  the  airlock  are 
kept  closed. 

A  system  of  red  and  green  lights  placed  outside  each  door,  operated 
by  door  switches,  indicates  whether  other  doors  leading  to  the  room  are 
open  (red)  or  closed  (green).  This  light  system  is  used  inside  and 
outside  the  airlock,  in  the  decontamination  rooms,  in  the  chamber  rooms, 


and  on  both  sides  of  the  double-end  autoclaves  which  project  from  the 
inside  service  area  into  the  decontamination  rooms.  In  all  these  loca¬ 
tions  one  opens  a  door  only  when  the  lights  indicate  that  other  doors 
leading  to  the  room  are  closed,  so  as  to  prevent  establishment  of  an  open 
passage  between  the  chamber  room  and  other  areas  of  the  building. 

Doors  on  the  decontamination  room,  chamber  room,  and  animal  air¬ 
lock  are  steel-clad,  lined  with  sponge  rubber,  and  closed  tight  by  means 
ot  swing  clamps.  The  floors  of  both  decontamination  room  and  chamber 
room  are  depressed  behind  threshold  ramps  so  that  they  can  be  hosed 
down  for  decontamination  without  seepage  from  one  room  to  another. 
Both  floors  and  ceilings  of  the  decontamination  room,  the  chamber 
room,  and  the  animal  airlock  are  made  of  concrete,  and  all  permanent 
ttings  in  these  rooms,  such  as  the  benches  in  the  chamber  room  which 
are  made  of  concrete,  and  the  electrical  switches  and  outlets  which  are 
o  the  water-tight  marine  type,  are  constructed  to  permit  hosing  down 
every  room  surface.  Ventilation  of  these  three  rooms  is  distinctive 
An  enters  through  ceiling  louvres  as  part  of  the  system  common  to  the 
1  l.nK  as  a  whole,  but  exhaust  air  passes  through  a  separate  system  of 
(hats  and  blowers  and  ,s  led  to  the  air  incinerator. 

the  decontamination  room  contains  only  a  shower  head  a  hose 
unger,  and  one  end  ol  a  double-end  autoclave  built  into  the  wall  and 
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projecting  beyond  into  the  inside  service  area.  This  room  is  provided 
as  a  safeguard  in  the  event  of  an  accident  in  the  chamber  room  involving 
gioss  leakage  and  heavy  contamination  ol  air.  After  such  an  accident 
personnel  in  the  chamber  room  would  remove  their  laboratory  uniforms 
in  the  decontamination  room,  place  them  in  the  autoclave,  take  shower 
baths  and  obtain  Iresh  uniforms  in  the  airlock.  No  occasion  arose  that 
required  such  use  ot  the  decontamination  room. 

The  contents  ot  the  chamber  rooms,  which  house  the  cent  ral  equipment 
of  the  building,  will  be  described  in  detail  below.  The  layout,  as  shown 
in  figure  2,  comprises  two  concrete  benches  without  shelves  or  cabinets,  a 
sink,  the  cloud  chamber  proper  (C),  and  a  rolling  table  ( T ).  The  cham¬ 
ber  is  placed  adjacent  to  the  smaller  bench,  which  supports  its  accessory 


equipment,  including  the  control  panel  (P),  the  humidifier  for  secondary 
air  (//),  and  a  pair  of  air  driers  (“Lectrodriers,”*  D).  A  compressed  air 
manifold  is  piped  to  this  bench.  Vacuum,  steam  and  water  lines  are 
piped  directly  to  the  chamber.  The  longer  bench,  along  the  outer  wall 
of  the  chamber  room,  is  supplied  with  a  compressed  air  manifold,  a 
vacuum  exhaust  system  and  a  steam  line  similar  to  those  on  the  other 
side.  This  bench  is  intended  for  accessory  cloud  chamber  equipment. 
The  chamber  room  is  provided  with  a  hose  hanger  on  the  left  wall,  and 
on  the  right  wall  with  a  branch  of  the  animal  vacuum  manifold,  described 
below,  which  is  used  for  temporary  ventilation  of  animal  storage  boxes 


during  runs. 

The  animal  airlock  is  built  with  its  floor  at  table  height.  The  floor 
consists  of  an  iron  grating  which  sets  over  a  drainage  well.  This  airlock, 
ventilated  in  the  chamber  decontamination  room  system,  is  supplied 
with  water  and  steam  and  with  a  branch  of  the  animal  vacuum  system. 
It  is  used  for  transfer  of  animal  storage  boxes  between  animal  room  and 


chamber  room. 

The  animal  room,  entered  from  the  corridor,  is  arranged  with  four 
steel  racks  running  the  length  of  the  room  as  shown  in  figure  2,  lea\  ing  a 
clear  space  near  the  door  for  operating  tables,  a  sink,  and  the  door  to  the 
animal  airlock.  Each  of  the  four  cage  racks  consists  of  three  shelves, 
of  which  the  lower  two  are  spaced  to  allow  room  for  examination  of 
animals  through  the  tops  of  the  animal  storage  boxes  (see  fig.  25).  At 
the  rear  of  each  rack  above  the  two  lower  shelves  are  branches  of  a 
vacuum  line  separate  from  the  one  that  exhausts  the  chambers.  This 
vacuum  line  is  part  of  a  manifold  which  has  other  outlets  in  the  chamber 
rooms  and  the  animal  airlocks.  Animal  storage  boxes  are  piped  to  this 
manifold  for  ventilation. 

*  This  equipment  is  made  by  Pittsburgh  Lectrodrier  Corp.,  Pittsburgh,  Pa. 
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SPECIAL  EQUIPMENT  AND  APPARAPl  S 


THE  CLOUD  CHAMBER  AND  ASSOCIATED  EQl  I  PM  ENT 

The  Chamber 

One  of  the  two  Reyniers  chambers  in  use  is  shown  in  figures  3  and  4, 
and  its  relationship  to  the  associated  equipment  is  shown  diagram- 
matically  in  figure  9.  The  chamber  is  a  stainless  steel  cylinder  28  inches 


Figure  3.  The  B  chamber  from  glove  side,  with  gloves  and  animal  storage  box 
in  place.  Microscope  lamp  for  observation-  of  atomizer  performance  is  shown 
tilted  above  the  sight  glass. 


in  diameter  and  48  inches  long,  dished  at  one  end  and  closed  at  the  other 
by  means  of  flanges  bolted  through  a  rubber  gasket.  The  outer  flange 
or  head  carries  a  dished  plate  which  in  turn  supports  a  framed  opening 
tor  the  chamber  airlock.  In  the  midline  of  the  top  of  the  chamber  there 
is  a  Pyrex  sight  glass  8  inches  in  diameter  and  f  inch  thick.  Set  at  an 
angle  below  the  sight  glass  are  two  framed  openings  to  which  are  bolted 
the  Reyniers  arrangement  of  rings  and  plates  carrying  the  chamber 
gloves.  These  openings,  which  are  8  inches  in  diameter  with  the  glove 
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lings  removed,  serve  for  access  to  the  chamber  in  setting  up  a  run,  as 
indicated  below.  Openings  are  provided  in  the  midline  of  the  shell  for  an 
electrical  connection,  a  pressure  gauge,  four  interconnected  airlines,  and, 
on  the  under  surface,  for  the  vacuum  exhaust  and  a  steam  inlet,  the  last 
being  cross-connected  with  the  air  lines.  Three  additional  openings  are 
present  on  each  side  of  the  cylinder.  Four  of  these  connect  with  the 
vacuum  line  and  are  used  tor  sampling.  A  fifth  is  piped  to  mercury 


Figure  4.  The  B  chamber  from  door  of  experimental  room.  Airline  piping  is 
shown  at  the  right  and  above,  sampling  cocks  at  left  along  chamber  wall. 


and  water  manometers  on  the  control  panel,  and  the  last  is  used  foi 
special  purposes,  such  as  the  introduction  of  glycol  vapoi. 

The  main  exhaust  opening  is  piped  across  a  needle  valve  to  a  vacuum 
sump  tank  under  the  chamber,  which  is  in  turn  piped  to  the  chamber 
vacuum  pump  and  thence  to  the  air  incinerator.  The  sampling  lines  are 
likewise  piped  to  a  vacuum  manifold  which  enters  the  same  sump  tank. 
This  manifold  has  two  cocks  not  connected  with  sampler  lines  which 
have  been  used  for  sampling  room  air  (e.g.  in  safety  tests)  and  for  other 

purposes. 
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The  floor  of  the  chamber  is  made  up  of  three  stainless  steel  plates, 
originally  imperforated,  which  are  set  on  ledges  along  the  inside  walls. 
A  sliding  trap  door  10  x  12  inches  in  size  (fig.  5)  has  been  cut  in  the  middle 
floor  plate  to  provide  easy  access  to  storage  space  below,  and  several 


Figure  5.  Floor  of  chamber,  photographed  through  a  glove  opening  to  show 
trap  door,  with  container  of  disinfectant  below  and  impingers  set  up 


inch  holes  in  the  plates  have  been  provided  so  that  rubber  tube  connec¬ 
tions  with  the  tertiary  air  line  (see  fig.  9)  may  be  made  conveniently. 

he  inner  airlock  port  is  shown  in  figures  (>  and  7.  The  installation 
ami  of  th,s  <lev.ce  have  greatly  simplified  operation  of  the  equipment. 
It  was  designed  by  Mr.  R.  Mitchell  of  the  engineering  staff  Came 
e  nek,  and  built  and  installed  through  the  courtesy  of  Drs.  C.  Tanning 
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Figure  6.  Inner  airlock  port,  closed,  photographed  through  a  glove  opening 


Figure  7.  Inner  airlock 


port,  open,  showing  an 
in  the  airlock 


animal  exposure  basket 
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and  E.  A.  Ramskill  of  Naval  Research  Laboratories,  Washington,  D.  C . 
It  replaced  the  inner  airlock  plate  supplied  by  Reyniers  and  Son,  which 
had  to  be  set  on  studs  with  one  gloved  hand,  and  drawn  up  tight  by 
means  of  nuts  and  a  large  socket  wrench.  The  Mitchell  port  can  be 
operated  in  a  few  seconds,  whereas  the  cumbersome  Reyniers  plate 
required  many  minutes  even  lor  a  trained  operator. 


Figure  8.  The  control  panel.  Humidifier  and  driers  are  shown  at  the  left 


l  he  Chamber  Airlock 

The  airlock  is  shown  in  figure  10  and  diagrammatically  in  figure  9. 
It  is  made  of  stainless  steel  tubing  8  inches  in  diameter  and  18  inches 
ong,  flanged  at  both  ends  and  bolted  to  the  chamber  head  through  a 
gas  -et  1  he  airlock  is  separately  piped  for  air  and  steam.  Its  vacuum 

oh-mber  nC0Pa5SCS  th,r°Ugh  a  neeclle  valve  the  sump  tank  under  the 
chamber .  Openings  for  pressure  gauge  and  manometer  are  provided 

and  an  opemng  through  a  valve  to  the  outside  air  is  present  to  permit 

en  iy  of  an  to  restore  atmospheric  pressure  after  steaming  Water  is 

the  opl  end  The1?  T  “T*  #iri0Ck  “ml  to  one  P°int  below,  near 
open  end.  I  he  former  hne  serves  to  cool  the  airlock  after  steaming 
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and  the  latter  to  prevent  overheating,  during  steaming,  of  the  paraffin- 
petrolatum  seal  on  an  attached  animal  box  (see  figs.  9  and  10).  A 
water  jacket  covers  the  lower  portion  of  the  airlock  to  limit  spattering 


Figure  9.  Diagram  of  the  cloud  chamber  apparatus 


during  this  operation.  The  airlock  is  closed  at  its  inner  end  by  the  po  t 
previously  mentioned,  ami  at  its  outer  end  by  a  plate  bolted  to  the 
framed  opening  of  the  airlock  or  by  an  animal  storage  box  (figs.  10 


and  11). 


EQUIPMENT  AND  METHODS 


17 


The  Control  Panel 

The  control  panel  is  shown  in  figure  8  and  the  arrangement  of  equip¬ 
ment  in  figure  9.  Control  valves  for  the  air  lines  and  toi  the  main 
chamber  exhaust  are  arranged  so  that  all  can  be  manipulated  conve- 


riGURE  1U.  J  he  chamber  airlock,  shown  oJosed  with  the  outer  nlate  Ahnv< 

(pressure  e^aMng1)  above8  "HrancKf  Th^wate?  line  with' e'  f  inl«' 

line  can  be  seen  at  the  bot  tom cento of ^theflgure.  hygrometer  0,1  «*e  vacuum 


orf  the  Danpr  °Perat°r  'yhile  h*  keePs  the  Aowmetera  anti  manometers 
n  the  panel  in  view.  Manipulation  of  the  controls  for  the  airlock  is 

the  ilocknag  y  an°ther  °Perat0r>  "  ho  f“es  a  separate  panel  over 
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Three  principal  lines  carry  air  from  the  panel  to  the  chamber.  The 
first  of  these  (“primary”  air),  piped  into  the  chamber  through  the  open¬ 
ing  in  the  top  near  the  end  opposite  the  airlock,  runs  through  a  cotton 
filter  and  a  flowmeter  and  is  connected  with  a  mercury  manometer.  The 
second  airline  (“secondary”  air)  likewise  runs  through  a  cotton  filter 
and  is  then  divided  into  two  lines.  Each  of  these  is  carried  through  its 
own  flowmeter,  one  to  a  humidifier,  the  other  to  a  parallel  pair  of  “Lectro- 
driers.’  Dry  air  enters  the  chamber  through  the  uppermost  opening 
in  the  dished  end,  wet  air  through  the  next  opening  below.  In  practice, 
the  valves  in  the  connecting  lines  are  adjusted  so  that  wet  air  is  led  into 
the  chamber  through  the  uppermost  opening  as  well,  and  any  desired 


mixture  ot  dry  and  saturated  air  may  be  obtained  by  adjustment  of  the 
valves  downstream  of  the  cotton  filter.  The  humidifier  consists  of  two 
large  Mandler  filters  in  water  (containing  0.05  per  cent  CuS04  to  prevent 
growth  of  algae)  contained  in  a  19  liter  carboy.  The  latter  stands  on  an 
electric  hot  plate  to  permit  raising  the  temperature  of  the  water  to 


about  40  °C. 

The  third  airline  (“tertiary”  air)  is  provided  like  the  others  with  cotton 
filter  and  flowmeter  and  is  piped  to  the  lowest  opening  in  the  dished 
end  of  the  chamber.  This  line  is  used,  in  connection  with  certain  tech¬ 
niques  to  be  described,  to  permit  ventilation  of  animals  with  clean  air 
while  they  are  in  the  chamber  in  the  presence  of  an  infective  cloud. 

A  fourth  airline  similar  to  the  last  is  used  for  special  purposes  such  as 
the  introduction  of  glycol  vapor  into  the  chamber.  A  fifth  airline  sup¬ 
plies  air  to  the  airlock,  and  is  connected  through  a  cotton  filter  to  a 
flowmeter  on  a  separate  panel  over  the  airlock. 


SPRAYING  AND  SAMPLING  DEVICES 

Details  of  comparative  studies  of  the  performance  of  atomizers  of 
different  types  are  given  in  Section  III  of  this  report.  On  the  basis  ot 
these  studies  an  all  glass,  direct-spray,  peripheral  air-jet  atomizer  was 
selected  in  preference  to  other  types  and  has  since  been  used  exclusively. 
This  “Chicago”  atomizer  (figs.  32,  33),  so  called  because  it  was  patterned 
after  one  of  those  used  at  the  University  of  Chicago  Toxicity  Labora¬ 
tories,  seemed  to  combine  the  advantages  ol  other  atomizers  tested, 
without  their  disadvantages.  It  does  not  reflux  or  concentrate  the 
suspension  being  sprayed,  as  do  nebulizers.  It  can  therefore  be  used 
with  suspensions  constituted  to  protect  the  agent  being  sprayed  without 
reference  to  foaming  or  other  agitation  effects,  and  without  toxic  effects 
due  to  concentration  in  the  reservoir  of  salts  or  other  dissolved  sub- 
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stances.  The  particle  size  distribution  of  clouds  produced  by  these 
atomizers  from  suspensions  of  viable  agents  has  been  found  to  approach 
in  fineness  those  produced  by  nebulizers. 

The  reservoirs  used  to  contain  suspensions  being  sprayed  are  weighing 
bottles  of  the  overlapping  ground  cover  type.  The  85  ml  size  has  been 
found  most  convenient. 

Figures  32  and  33  also  show  the  mixing  chamber  for  secondary  air 
adopted  after  trials  with  several  devices,  as  detailed  in  Section  IV.  This 
instrument,  designated  the  “one-inch  mixer,”  is  a  glass  cylinder  one 
inch  in  diameter  and  2k  to  3  inches  long,  with  two  opposing  radial  inlet 
tubes  placed  close  to  the  rear  end,  which  is  closed  with  a  rubber  stopper 
carrying  the  atomizer.  The  atomizer  is  placed  with  its  tip  \  inch  or  less 
within  the  open  end  of  the  mixer.  The  atomizer-mixer  assembly  is  held 
on  a  small  ring  stand  inside  the  chamber  (fig.  19),  as  described  more  fully 
in  a  later  paragraph. 

The  sampling  device  chosen  for  routine  use  after  the  comparative 
studies  described  in  Section  IV  is  a  slight  modification  of  the  capillary 
impinger  commonly  used  for  collection  of  air-borne  dust,  and  first  ap¬ 
plied  tor  the  collection  of  air-borne  bacteria  by  the  British  workers  (19). 
Two  forms  of  the  impinger  used  most  commonly  in  this  work  are  shown 
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system.  These  containers  are  of  four  general  types:  (a)  storage  boxes, 
into  which  animals  are  passed  Irom  the  chamber  and  maintained  during 
t  he  peiiod  ot  observation;  (b)  transfer  boxes,  used  for  removal  of  animals 
trom  the  storage  boxes,  and  for  posting  and  other  operations;  (c)  venti¬ 
lated  cabinets,  into  which  conventional  animal  cages  are  placed,  where 
the  use  of  such  cages  is  required,  for  maintenance  of  contaminated 


animals  under  conditions  of  safety;  and  (d)  special  baskets  and  other 
containers  used  during  exposure  of  animals  within  the  cloud  chamber. 


Storage  Boxes 


Storage  boxes  are  of  two  sizes,  the  boxes  proper  measuring  12  x  14  x 
18  inches  and  14  x  16  x  22  inches,  respectively.  They  are  shown  in 
various  relations  to  other  equipment  in  figures  3,4,  11,  12  and  20.  They 
are  made  of  16  gauge  sheet  iron  with  welded  joints.  Each  box  has  a 
flanged  opening  at  one  end  which  bolts  through  a  gasket  to  the  airlock 
of  the  cloud  chamber.  At  the  opposite  end  is  an  opening,  5  inches  in 
diameter,  to  which  a  Reyniers  or  veterinary  obstetrical  glove  is  attached 
with  the  aid  of  large  rubber  bands.  Both  front  and  rear  openings  are 
closed  inside  the  box  by  tight  fitting  lids  which  are  removed  inward  with 
the  gloved  hand.  On  the  upper  surface  of  the  box  is  an  8  inch  circular 
opening  which,  covered  with  two  layers  of  thin  cellophane  fastened  with 
two  heavy  rubber  bands,  serves  for  observation  of  the  interior.  A 
rimmed  circle  of  copper  fly  screen  sets  on  a  ledge  below  this  opening  to 
protect  the  cellophane  against  damage  by  contained  animals.  An  open¬ 
ing  for  a  water  bottle  is  present  at  the  top  of  the  box,  and  openings  for 
air  inlet  and  exhaust  are  placed  high  and  low,  respectively,  on  one  side. 
The  floor  of  the  box  is  constituted  by  a  removable  tray  with  a  double 


wall.  A  wire  screen  floor  rests  on  the  inner  wall.  The  well  formed 
within  the  double  wall  is  filled  with  a  mixture  of  equal  parts  of  paraffin 
and  petrolatum,  into  which  the  box  proper  is  set.  The  air  inlet  is  a  glass 
wool  filter  made  of  pipe  fittings,  while  the  outlet,  covered  inside  with 
copper  fly  screen,  is  connected  through  a  brass  cock  to  the  animal  \  acuum 
manifold.  In  use  these  boxes  are  found  to  leak  slightly,  especially 
around  the  lid  over  the  flanged  opening  and  probably  also  through  the 
edges  of  the  cellophane  window,  but  even  with  these  leaks  and  with  the 
inlet  filter  open,  the  vacuum  exhaust  can  be  adjusted  to  depress  the 
cellophane  visibly  and  to  maintain  a  vacuum  within  the  box  of  about  | 


inch  of  water. 

Water  bottles  are  attached  to  the  box  as  shown  in  figures  26  and  2t. 
A  long  glass  tube  is  passed  through  the  box  opening,  by  means  of  a  rub- 
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her  stopper,  to  within  a  few  inches  of  the  floor  inside,  and  is  connected 
to  the  bottle  with  rubber  tubing.  The  glass  tube  contains  a  wire  to 
insure  continued  delivery  ot  water.  The  bottle  is  held  in  a  metal  harness 
attached  to  the  frame  of  the  box.  Water  bottles  are  removed  for  re¬ 
filling,  without  opening  the  box,  by  closing  the  rubber  connection  with  a 
hemostat  clamp. 


and  to^the  righfo"  tKx  0t\amber  Belo’ 

the  hygrometer  (partly  covered  by  the  steam  .  the  main  vacuum  valve 

airlock  vacuum  control  va,ve  andThediamTr  th 


i  ransjer  Boxes 

The  design  of  these  boxes  is  modified  from  tint  of 
ir,Pr  tu  *  ^ 

the  chamber  airlock  These  onenim.-  ■  "  i  ,  borage  boxes  and  on 
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Figure  12.  Animal  storage  boxes  and  ventilated  cabinets  in  place  in  the  animal 

room 


Figure  13.  An  animal  transfer  box  shown  attached  in  a  transfer  chain 
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Pyrex  sight  glass  is  provided  on  the  upper  surface,  and  a  marine  type 
electrical  connection  at  the  rear  is  made  leakproof  by  passing  the  con¬ 
necting  wires  (bare  18  gauge  copper)  through  a  rubber  stopper.  Air 
inlet  and  exhaust  connections  are  similar  to  those  on  the  storage  boxes. 
Two  circular  openings,  5  inches  in  diameter,  on  one  side,  carry  veterinary 
obstetrical  gloves  attached  with  heavy  rubber  bands.  The  floor  is 
constructed  like  that  of  the  storage  box  except  that  it  is  provided  with  a 
perforated  iron  plate  instead  of  a  wire  screen.  Since  these  boxes  are 


,f4‘  A  ventilated  cabinet  shown  open,  with  contained  cages  The  at- 
thf  Snef  abSve  18 *he  a“mal  vat  "ura  ma"ifol<l  «  tail  the' rear  of 


tight,  and  the  rate  of  exhaust  may  exc.eed  the  capacity  of  the  air  inlet 

niter,  the  vacuum  cock  must  he  adjusted  carefully  in  use  to  prevent 
undue  distension  ol  the  gloves.  1 


Ventilated  Cabinets 

In  certain  types  of  runs  it  has  been  found  advisable  to  remove  animals 
to  avoid  the  possible  hasL  from  IS 


24 


EXPERIMENTAL  AIR-BORNE  INFECTION 


hose  with  communicable  infections.  The  ventilated  cabinets  (figs.  12 
14)  are  designed  to  permit  maintenance  of  animals  in  open  cages  with 
minimum  hazard.  They  measure  20  x  23  x  54  inches,  are  made  of 
icavv  sheet  metal,  and  are  divided  into  three  compartments,  each  with  a 
ar^e  hinged  door  which  is  clamped  shut  against  a  rubber  gasket.  Each 
compartment  has  a  glass  roof  and  is  large  enough  to  contain  the  largest 
ot  the  open  top  animal  cages  in  regular  use  at  Camp  Detrick.  A  length 
ot  one  inch  pipe  placed  horizontally  near  the  top  in  each  compartment 
and  filled  with  glass  wool  serves  as  an  air  inlet  filter.  Air  is  exhausted 
through  a  vertical  4  inch  pipe  extending  within  the  chamber  at  the  rear 
to  w  ithin  about  one  inch  from  the  floor.  This  pipe  is  connected,  by  means 
of  flared  copper  fittings  outside  the  cabinet,  with  the  animal  vacuum 
manifold.  These  cabinets  are  disinfected  and  hosed  clean  without 
being  moved. 


Exposure  Baskets  and  Associated  Devices 

As  will  be  seen  below,  the  methods  developed  for  exposure  of  animals 
to  infected  clouds  are  based  on  exposure  of  the  whole  animal.  The 
avoidance  of  coat  contamination,  as  indicated  by  the  data  in  Section  IV, 
has  been  found  apparently  unnecessary  with  the  agents  thus  far  em¬ 
ployed.  Animals  are  handled  in  several  kinds  of  containers  designed  to 
meet  the  requirements  of  the  various  experimental  procedures.  These 
devices,  made  in  the  shop  of  the  cloud  chamber  building,  are  designed 
and  built  so  as  to  avoid  the  presence  of  sharp  edges  or  points  that  might 
tear  the  chamber  gloves  during  their  use.  Edges  of  hardware  cloth  are 
protected  with  soldered  copper  strip,  and  each  basket  is  carefully  in¬ 
spected  for  glove  hazard  before  being  used.  These  containers  fall  into 
two  classes  designed  for  single-dose  and  multiple-dose  runs,  respectively. 

Representative  baskets  used  in  single-dose  runs  are  shown  in  figure  15. 
The  large  basket,  assembled  with  the  piston  and  cover  shown  in  the 
figure,  is  used  for  simultaneous  exposure  of  as  many  as  12  guinea  pigs  or 
30  mice.  It  is  made  to  fit  the  chamber  airlock  and  is  provided  with  wire 
handles  at  the  bottom  and  on  the  cover.  In  use  the  entire  basket  is 
drawn  into  the  chamber  and  the  cover  kept  in  place  during  exposure  of 
the  animals.  The  cover  is  then  removed  and  the  basket  returned  to  the 
airlock  with  the  open  end  pointed  forward  toward  the  attached  animal 
storage  box.  The  animals  are  drawn  into  the  box  with  the  aid  of  the 
piston,  which  is  then  returned  into  the  basket. 

The  smaller  baskets  shown  in  figure  15  were  designed  particularly  lor 
the  handling  of  animals  difficult  to  manage,  such  as  cotton  rats,  but  tune 
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since  been  found  convenient  for  other  animals  as  well.  They  are  made 
in  several  lengths  so  that  from  one  to  four  baskets  may  be  placed  in  the 
chamber  airlock  as  a  single  load.  Each  basket  has  a  sliding  door  on  the 
curved  surface  which  can  be  operated  easily  with  one  finger,  and  closes 
securely.  Animals  are  placed  in  these  baskets  before  a  run.  The 
basket  is  then  handled  without  being  opened  until  after  it  has  been 


slidi„g-(,oor  liasX*  S“tf,8a  tftSjJMKt.1* 


Above,  two 


intvheforage  b°*  *» «» ««•  <* 

of  the  basket  is  opened  and  t.hV  b°*  havinS  been  closed,  the  door 
rear  box  opening  with  its  lid  Th,V''  "  'i  'nthdra'™.  dosing  the 
dong  with  the  animall  ^  basket  18  thus  Wt  in  the  box 

Containet,  for  multiphase  runs  are  illustrated  in  figure  ,0.  They 
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include  standard  one-gallon  paint  cans  with  friction  tops,  which  fit 
conveniently  through  the  airlock  and  the  chamber  glove  openings,  and 
baskets  made  to  fit  into  the  cans.  The  baskets  are  of  two  kinds:  three- 
compartment  exposure  baskets,  and  “trapeze”  baskets  for  reception  of 
exposed  animals.  The  former  are  divided  into  compartments  by  hard¬ 
ware  cloth  partitions  parallel  to  the  ends.  Each  compartment  has  a 
hinged  door  on  the  curved  surface  which  is  closed  by  means  of  a  rod 


Figure  16.  Animal  exposure  baskets  and  accessories  for  multiple-dose  ex 
posures.  Above,  three-compartment  basket,  trapeze  basket  with  cover.  Below 
aeration  can  and  weighted  cover. 


passing  through  loops  at  the  ends  of  the  basket  and  on  the  doors.  The 
trapeze  basket  is  a  cylinder  provided  with  two  incomplete  shelves  or 
perches,  and  has  a  removable  cover.  The  friction  top  of  each  paint  can 
has  a  circular  opening  made  as  large  as  the  diameter  ol  the  top  permits. 
The  edge  of  the  opening  is  covered  with  a  circle  ot  *  inch  copper  tubing 
soldered  in  place.  This  flange  serves  to  hold  a  slit  rubber  diaphragm 
made  of  two  folded  pieces  of  heavy  rubber  dam,  the  folded  edges  being 
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approximated  across  a  diameter  of  the  opening  to  form  a  slit.  The 
diaphragm  is  wired  securely  in  place.  An  air  inlet  on  the  side  near  the 
bottom  of  each  paint  can  is  made  of  a  short  length  of  j  inch  copper  or 
brass  tubing.  An  extra  paint  can  top  with  screened  opening,  weighted 
with  solder,  shown  to  the  left  of  the  can  in  figure  lb,  is  used  as  a  cover 
over  the  rubber  diaphragm  to  prevent  the  escape  of  animals. 


attached  to  thef vertical" arm™  Flu i ^flmv8?*  Ut °T ' Zfrs *  atomizer  is  shown 

arm.  vertical  arm.  I  luid  flow  is  read  along  the  calibrated  inclined 
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five  to  the  useTsuch  a  do  F°r  precise  measure™nts  the  alterna- 
tently  with  successive  weighing  of Vts  -°  °Pei.’ate  t!le  atomizer  intermit- 
of  fluid  sprayed.  With  the  fluirl  '  ieseiV01r  to  determine  the  amount 
attached  directly  as  indicated  tot)  °UniCtor  shown’  the  atomizer  is 
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stopcock  permit  repeated  refilling  of  the  instrument  without  disassem¬ 
bling  it. 


Glycol  Vaporizers 

Vaporization  of  triethylene  glycol  has  been  employed  for  two  pur¬ 
poses:  for  cloud  chamber  tests  of  the  effectiveness  of  the  vapor  as  a 


cloud  disinfectant  (53),  and  for  use  in  the  chamber  room  as  a  safety 
measure.  The  apparatus  used  for  the  two  purposes  has  been  similar 
except  for  the  atomizer  used.  Figure  18  shows  the  room  vapor, zer 
which  makes  use  of  Loosli’s  (31)  nebulizer  mounted  man  inverted 12 
liter  Erlenmeyer  flask  which  has  a  hole  about  2  cm.  in  diameter  blown 
in  the  side  near  the  base.  The  airline  of  the  atomizer  is  connected  by 
rubber  tubing  to  a  coil  of  copper  tubing.  A  funnel  with  a  f  -tube  stem, 
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which  enters  the  flask  stopper,  serves  to  introduce  glycol  into  the  flask. 
Flask,  copper  coil  and  funnel  are  all  immersed  in  a  boiling  water  bath 
during  use,  so  that  the  glycol  is  atomized  at  a  temperature  approaching 
100°C.  This  device,  operated  at  6  pounds  of  air  pressure,  with  the 
room  ventilation  system  in  operation,  produces  a  distinct  fog  which 
fills  the  chamber  room  within  a  few  minutes.  Steam  is  bled  into  the 
room  to  bring  the  relative  humidity  from  lower  values  to  55  to  65  per 
cent,  the  optimum  range  for  glycol  activity  as  reported  by  Puck,  Robert¬ 
son  and  Lemon  (44),  but  no  means  has  been  available  to  reduce  the 
relative  humidity  from  the  higher  values  which  frequently  obtain.  The 
entire  device,  as  used,  may  be  regarded  as  an  extra  and  probably  super¬ 
fluous  safety  measure,  in  view  of  the  more  positive  means  for  prevention 
of  air  pollution  embodied  by  the  cloud  chamber  apparatus. 

The  experimental  vaporizer  makes  use  of  the  same  heating  system,  but 
substitutes  a  DeA  ilbiss  180  nebulizer,  with  a  fluid  capacity  of  10  ml,  for 
the  larger  high-capacity  instrument  used  for  room  vaporization.  As 
noted  above,  an  air  line  on  the  control  panel  is  provided  for  use  with  this 
small  glycol  spray,  and  a  flowmeter  on  the  panel  is  calibrated  against  the 
atomizer.  The  glycol  vaporizer  in  use  is  placed  near  the  chamber  and 
the  outlet  tube  of  the  atomizer  is  connected  by  a  short  length  of  rubber 
tubing  with  one  of  the  sampling  openings.  This  apparatus  has  been 
used  successfully  in  experimental  runs  with  meningopneumonitis  and 
psittacosis  viruses  (53). 
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by  applying  the  chamber  gloves  and  the  outer  glove  plates,  which  c^.w 
the  glove  openings  completely,  and  by  closing  all  terminal  valves  on  the 
external  air  and  vacuum  lines  except  for  a  line  leading  to  a  mercury 
manometer.  The  chamber,  airlock,  sump  tank  and  piping,  intercon¬ 
nected  throughout,  are  then  placed  under  air  pressure  of  GO  cm.  Hg. 
The  air  pressure  line  is  then  closed  off  and  the  manometer  observed  over  a 
period  of  two  hours  or  more,  usually  overnight.  A  progressive  fall  in 
pressure  greater  than  can  be  accounted  for  by  a  fall  in  room  temperature 
during  the  test  period  is  considered  evidence  of  leakage.  The  leak  is 
found,  corrected,  and  the  system  retested  before  another  run  is  per¬ 
formed.  Leaks  are  found  by  applying  strong  soap  solution  to  all  joints, 
beginning  with  those  at  which  experience  has  shown  recurrent  leakage 
notably  threaded  joints  in  the  external  stainless  steel  piping.  1  he 
peculiar  thermal  properties  ol  this  pipe  seem  to  permit  recurrent  leakage 
at  certain  joints  during  expansion  and  contraction  incident  to  steaming 
under  pressure  and  subsequent  cooling.  It  has  therefore  been  found 
necessary  to  test  for  and  to  correct  such  leakage  as  a  matter  ot  routine 
maintenance.  Since  the  leaks  develop  at  the  end  ol  the  piocess  of 
sterilization  they  do  not  constitute  a  safety  hazard  so  long  as  they  are 
found  and  corrected  whenever  they  develop. 

The  Reyniers  gloves  are  tested  routinely  by  inflation  under  water,  and 
are  carefully  examined  for  weakened  or  damaged  areas.  Small  holes 
are  repaired  by  patching.  When  hypochlorite  solutions  are  used  as 
disinfectant  in  the  chamber  (in  runs  with  spores)  it  has  been  found 
advisable  to  protect  the  gloves  against  damage  by  covering  them  with 
standard  rubber  gloves  of  the  heavy  or  post-mortem  grade. 

Tests  for  safety  of  the  equipment  in  actual  use  were  conducted  before 
operations  with  infective  agents  were  begun,  and  have  been  repeated  at 
intervals  Such  tests  embodied  operation  of  the  chamber  in  a  typica 
run  with  animals,  using  spores  of  Bacillus  globigii  as  test  agent  because 
of  their  stability  and  easy  identification.  The  results  ot  these  tes  s 
showed  that  leakage  in  minimal  amounts  occurs  only  at  points  m  the 
operating  cycle  at  which  complete  sterilization  of  spores  is  not  feasible. 
This  is  particularly  true  of  the  operation  whereby  tte  mmd  storage 
box  is  detached  from  the  airlock  after  steaming  the  latter  at  atmos 
pheric  pressure.  This  method  of  sterilization  is  clearly  inadequate  o 
quantitative  destruction  of  spores.  When  it  is  applied  after  pre  nn„  a,y 
a, “washing  of  the  airlock,  the  number  of  viable  spores  -covers!  from  fl¬ 
air  immediately  adjacent  to  therefore  regarded 

small  enough  to  be  inconsequential,  me  met 
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as  entirely  safe  when  used  with  the  more  easily  destroyed  vegetative 
agents  and  viruses,  and  would  probably  be  safe  with  a  spore-bearing 
pathogen  as  well. 


Preparation  for  a  Run 

At  the  conclusion  of  a  run,  as  noted  below,  the  chamber  is  steamed 
under  pressure,  allowed  to  cool,  opened,  cleaned,  washed  down,  dried, 
and  then  reassembled  and  tested  for  tightness.  This  test  having  been 
found  satisfactory,  the  chamber  is  reopened  and  prepared  for  another 
run.  Access  to  the  chamber  is  gained  through  the  glove  openings  rather 
than  through  the  large  framed  opening  at  the  airlock  end.  Removal 
of  the  large  head  is  awkward  and  laborious  and  invites  the  development 
ot  leaks  at  the  large  gasket  or  around  the  pipe  unions  which  must  be 
opened  to  permit  the  operation.  Removal  of  the  head  is  therefore  done 
only  rarely,  when  unavoidable. 

Preparatory  steps  tor  a  run  are  as  follows:  The  atomizer-mixer  as¬ 
sembly,  supported  on  a  small  ring  stand,  is  placed  on  the  floor  of  the 
chamber  near  the  dished  end,  so  that  the  atomizer,  pointing  forward 
toward  the  airlock,  occupies  the  midline  directly  under  the  primary  air 
opening  ot  the  chamber  (fig.  19).  The  atomizer  air  inlet  is  connected 
to  this  opening  with  rubber  tubing  carrying  a  glass  wool  filter  to  trap 
particles  of  lubricant  from  the  chamber  inlet  valves.  The  mixer  inlet 
for  secondary  air  is  connected  by  rubber  tubing  to  the  uppermost  open¬ 
ing  at  the  rear  ot  the  chamber.  A  stopper  to  fit  the  reservoir  of  the 
atomizer,  bearing,  if  needed,  a  constricted  capillary  fluid  tube  (see  Sec¬ 
tion  III,  10),  is  connected  with  the  fluid  tube  of  the  atomizer  by  means 
ot  a  short  length  of  rubber  tubing  in  such  a  way  that  the  two  glass 
capillary  tubes  are  in  contact.  An  air  space  at  this  point  may  serve  to 
block  aspiration  ot  fluid  and  thus  prevent  satisfactory  operation  of  the 
atomizer.  I  he  reservoir  is  supported  on  the  ring  stand  independently 

Cap!"a,.v  impinger  samplers,  assembled  with  appropriate  collecting 
fluid  are  placed  in  a  sheet  metal  trough,  made  to  hold  them  secured 

:pel:r(Tr,9 e  flr of  the  chamber  a,ong  ^ 

i,  as  uLm  '  !mp,n*ere  are  connected  to  the  sampling  open- 

samplere^aretumedto  face  the^iriock^Tj^  IVT  7**°?  °f  »he 

S' 
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Additional  standard  equipment  within  the  chamber  includes  a  cov¬ 
ered  gallon  container  of  disinfectant  suitable  for  the  agent  being  studied; 
one  or  more  gallon  paint  cans,  insulated  with  a  jacket  and  hinged  cover 
made  ot  Turkish  towelling  and  containing  cracked  ice;  and  catheter 
trays  containing,  respectively,  stoppers  to  fit  the  openings  of  impinger 
flasks,  and  a  supply  of  dry  gauze.  Other  equipment  required  for  spe¬ 
cialized  runs  is  noted  below. 


Figure  19.  Chicago  atomizer  with  one-inch  mixing  chamber,  set  up  with  a 
reservoir  in  the  cloud  chamber,  photographed  through  a  glove  opening,  im- 
pingers  are  shown  set  up  in  the  rear. 


Just  before  the  run  is  started  the  reservoir  or  reservoirs  to  be  used, 
containing  suspensions  of  agent  and  previously  weighed,  are  introduced 
into  the  chamber.  The  first  to  be  used  is  attached  to  the  stopper  of  the 
atomizer.  The  others  are  placed  in  an  ice  can.  This  can  and  the 
container  of  disinfectant  are  usually  kept  for  convenience  under  the 
chamber  floor,  access  to  them  being  obtained  through  the  sliding  trap 

door  (fig.  5). 
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Basic  Operations 


Details  of  operating  procedures  vary  with  the  nature  of  the  information 
sought  in  the  run.  Certain  operations  are  basic,  and  a  description  of 
these  and  of  individual  complete  runs  will  indicate  the  possible  combina¬ 
tions.  Efficient  teamwork  is  essential  in'  these  runs,  particularly  when 
they  entail  the  more  elaborate  procedures  with  animals.  Each  member 
of  the  crew  must  be  trained  in  the  operations  assigned  to  him  in  order 
that  time  schedules  may  be  maintained  and  accidents  avoided.  All 
runs  have  been  planned  in  advance  in  full  detail.  In  earlier  runs,  care¬ 
fully  prepared  written  operating  procedures,  listing  materials  needed 
and  all  steps  in  the  run  with  their  time  schedule,  were  provided  to  the 
crew  in  advance  and  were  taken  into  the  chamber  room  and  used  as 
guides  during  the  run.  Later  it  was  found  possible  to  dispense  with 
this  method,  except  when  a  run  embodying  a  major  variation  in  method 
was  performed  for  the  first  time. 

tor  the  most  elaborate  animal  runs  a  minimum  crew  of  four  is  re¬ 


quired,  working  respectively  at  (a)  the  chamber  gloves;  (b)  the  main 
control  panel;  (c)  the  chamber  airlock;  and  (d)  the  animal  storage  box. 
An  additional  helper  is  useful  for  operation  of  impinger  valves  and  for 
incidental  aid.  The  panel  operator  serves  as  time  keeper.  The  airlock 
operator  takes  hygrometer  readings  and  cooperates  with  the  animal  box 
operator  as  required.  The  B  chamber  is  shown  in  use  in  figure  20. 

It  has  been  the  practice  to  devote  each  chamber  to  a  single  agent  on  a 

gi\  en  day,  and  to  perform  on  that  day  as  many  parts  of  a  composite  run 

as  could  be  managed  in  the  time,  and  with  the  equipment  and  personnel, 

available.  Materials  for  all  parts  of  the  run  are  usually  placed  in  the 

c  amber  to  begin  with.  The  individual  parts  of  the  run  are  separated 

>y  intervals  during  which  the  chamber,  without  being  opened,  is  washed 

with  clean  air  to  clear  the  cloud.  The  composite  run  is  performed  as  a 

connected  series  with  a  single  steam  sterilization  of  the  chamber  as  the 
terminal  step. 

Basic  procedures  are  described  under  the  following  heads:  (a)  work 
hects  (b,  humidity  control;  (c)  observation  of  atomizer  perfo  tnlnce 
(d)  an-flow  and  pressure  balance;  (e)  steaming  of  the  airlock  ;  (f)  removal’ 
of  sam P'ers  and  reservoirs;  and  (g)  final  sterilization. 

oik  Sheets.  A  standard  work-sheet  form  serves  both  •  i 

procedure  and  materials  and  as  a  permanenTrec^of  the  fun  t 
ical  completed  form  is  shown  in  fieu re  21  tv  i  i  ,■  ,,  ‘  ^P" 

<0  record  colony  counts  and  ~ 
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as  necessary  and  stapled  to  the  work  sheet.  A  separate  work  sheet  is 
used  for  each  run  in  a  composite  series.  Run  serial  numbers,  as  used 
with  agents,  list  in  order  the  agent  name  (abbreviated),  the  chamber 
used  (A  or  B),  the  series  number  as  an  integer  and  the  run  number  as  a 
decimal.  A  single  series  number  is  used  on  any  one  day  to  include  all 
consecutive  runs  performed  with  a  single  culture  preparation.  For 
example,  it  a  series  of  three  runs  with  Whitmore’s  bacillus  were  per¬ 
formed  in  the  B  chamber  with  successive  dilutions  prepared  from  the 
same  original  suspension,  the  serial  numbers  might  be  M.ps.  B17.1  to 


Figcre  20.  The  B  chamber  in  operation  during  an  animal  run 


M.ps.  B17.3.  If,  as  in  the  example  given  in  figure  21,  three  sets  of 
animals  were  exposed  for  different  intervals  in  each  run  in  the  ^eiies, 
these  would  be  further  subdivided  as  B17.1a  to  B17.1c  and  so  ioith. 

Humidity  Control.  The  relative  humidity  in  the  chamber  has  usually 
been  held  either  in  a  low  range  (35  to  45  per  cent)  or  at  or  near  saturation 
(95  to  100  per  cent).  For  special  purposes  lower  or  intermediate  humid¬ 
ity  values  can  be  obtained  by  suitable  manipulation.  For  full  saturation 
the  secondary  air  is  run  t  hrough  the  humidifier  maintained  at  about  40  C  . 
For  relative  humidities  in  the  35  to  45  per  cent  range  the  secondary  air 
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is  run  through  the  driers  at  a  rate  of  85  to  100  liters  per  minute,  and  the 
atomizer  fluid  flow  is  adjusted  to  about  0.8  ml  per  minute  with  a  primary 
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humidity  values  above  45  per  cent  may  be  obtained  at  lower  levels  by 
reduction  of  secondary  dry  airflow,  but  higher  levels  require  an  appro¬ 
priate  mixture  of  dried  and  saturated  air  obtained  by  adjustment  of  the 
valves  downstream  of  the  filter  in  the  bifurcated  secondary  air  line  (fig. 
9).  Dry  and  wet  bulb  temperature  readings  are  usually  taken  at  inter¬ 
vals  of  3  minutes,  before  and  during  the  run,  from  the  hygrometer  in  the 
chamber  exhaust  line  (figs.  9  and  11).  To  avoid  excessive  drying  of  the 
chamber  air  during  intervals  between  runs  of  a  series,  distilled  water  is 
sprayed  from  the  atomizer.  If  necessary,  distilled  water  may  be  sprayed 


Figure  22.  Relative  humidity  in  the  cloud  chamber  at  various  airflow  (dry) 
and  fluid  flow  rates  under  various  conditions. 

at  the  beginning  of  a  series  to  bring  the  chamber  humidity  to  equilibrium. 
Experience  permits  elimination  of  this  step.  With  the  first  agent  sus¬ 
pension  reservoir  attached  to  the  atomizer,  the  secondary  air  is  turned 
on  and  hygrometer  readings  taken  at  intervals  until  a  value  is  reached 
than  can  be  maintained  under  the  conditions  used.  1  lie  primary  an  is 

"’oliscrmton  of  Atomizer  Performance.  The  atomizers  used  in  this  work 
operate  on  the  Venturi  principle,  aspirating  fluid  from  the  . eservon  by 
virtue  of  the  pressure  drop  at  the  fluid  orifice  induced  by  the  issuing 
primary  air  stream.  Under  the  conditions  used  this  pressure  drop  does 
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not  usually  exceed  20  inches  of  water  when  measured  at  the  fluid  inlet 
of  the  atomizer,  and  the  rate  of  movement  of  fluid  through  the  atomizer 
fluid  line — a  capillary  of  1  to  1.5  mm.  bore — is  usually  of  the  order  of  1 
inch  per  second.  Positive  atomizer  performance  is  generally  assured 
if  the  atomizer  is  chemically  clean  at  the  outset,  but  minute  extraneous 
particles  in  the  fluid  line  may  obstruct  the  flow.  Suspensions  containing 
relatively  large  particles,  particularly  those  prepared  from  pathological 
yolk-sac  suspensions  (diluted  1:100  or  less)  have  been  particularly 
troublesome.  Initial  or  later  failure  of  the  atomizer  can  often  be  over¬ 
come  by  momentarily  closing  the  atomizer  tip  with  the  gloved  finger 
so  as  to  force  primary  air  back  through  the  fluid  line;  but  this  step  is 
rarely  necessary  if  the  atomizer  is  clean  and  the  suspension  homogeneous. 
It  is  apparent,  however,  that  an  adequate  check  on  atomizer  perform¬ 
ance  must  be  maintained  during  the  run.  To  permit  such  a  check,  a 
microscope  lamp  with  projection  bulb  and  focusing  lens  is  mounted 
above  the  chamber  (figs.  3  and  4)  so  as  to  direct  a  Tyndall  beam  through 
the  sight  glass  to  the  atomizer  tip.  The  glove  operator  observes  the 
atomizei  as  the  primary  air  is  turned  on,  and  starts  a  stopwatch  as  it 


begins  to  spray.  Observations  may  then  be  made  at  frequent  intervals 
during  the  course  of  the  run. 

Ad  flow  and  I  tessure  Balance.  In  all  operations  during  runs  the 
chamber  and  its  airlock  are  operated  as  parts  of  a  completely  closed 
system.  Air  introduced  into  either  part  at  measured  rates  of  flow  is 
balanced  against  vacuum  exhaust  by  means  of  the  respective  vacuum 
control  valves  so  as  to  maintain  a  slight  vacuum  (j  to  3  inches  of  water) 
within  limits  comfortable  for  the  glove  operator  and  safe  for  animals 
I  he  control  panel  operation,  particularly  when  three  or  more  airlines 
are  in  simultaneous  use,  requires  skill  and  vigilance  and  demands  the 
"II  attention  of  the  operator.  Management  of  the  airlock  controls  calls 
lor  a  separate  operator;  but  since  this  is  an  intermittent  process  the 
operator  can  conveniently  help  in  manipulation  of  animal  boxes  as  well 
Steaming  of  the  Airlock.  The  airlock  is  sterilized  with  steam  before 

theTiZTh  r,  ,0°m  air  'vhenever  such  opening  is  necessary  after 
the  airlock  has  been  in  communication  with  an  infective  cloud  Steam 

ng,  like  the  preceding  operation,  is  accomplished  in  a  closed  system 

I  cause  lapid  fluctuations  in  pressure  are  unavoidable  as  entering  steam 
condenses  on  the  cold  airlock  surface  tlio  ljng  steam 

with  the  airlock  is  first  clamped  off  •in’d  •,  me,  ometer  connected 

pressure  gauge.  Steam  is  introduced  with  the  aid  oTtiTdf  T'  “  “ 

balanced,  as  the  pressure  begins  to  rise,  by  opening  the  aiitkttutim 
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mum 
acuum 


control  valve.  Air  in  the  airlock  is  thus  displaced  through  the  vaca 
system.  Timing  of  the  sterilization  process  is  started  when  the  vaci.v..., 
exhaust  line  becomes  hot  to  the  touch.  When  the  outer  plate  of  the 
airlock  is  in  position  (as  in  fig.  10),  steam  under  greater  than  atmos¬ 
pheric  pressure  can  be  used;  but  this  need  not  be  done  in  runs  with 
agents  that  lack  spores.  When  an  animal  storage  box  is  attached  to  the 
airlock  (fig.  11),  the  partition  separating  the  airlock  from  the  box  is 
constituted  by  the  forward  box  lid  which,  being  held  shut  by  friction 
only,  would  be  blown  off  at  pressures  appreciably  above  atmospheric. 
Steaming  must  therefore  be  done  at  atmospheric  pressure  under  those 
circumstances.  The  resulting  temperature  of  approximately  100°C., 
maintained  with  streaming  steam  for  1  minute,  is  adequate  for  complete 
sterilization  of  vegetative  agents  and  viruses.  At  the  conclusion  of  this 
period  steam  and  exhaust  valves  are  closed  simultaneously  and  water  to 
cool  the  airlock  is  turned  on.  As  the  airlock  pressure  falls  below  atmos¬ 
pheric  the  double-valved  air-cock,  which  can  be  seen  beside  and  slightly 
below  the  pressure  gauge  in  figure  10,  is  opened  to  permit  entry  of  room 
air.  Care  must  be  exercised  to  see  that  these  valves  are  closed  imme¬ 
diately  after  reestablishment  of  normal  temperature  and  pressure,  to 
prevent  leakage  of  contaminated  air  subsequently  introduced  into  the 
airlock.  The  water  manometer  is  then  reopened. 

Removal  of  Samplers  and  Reservoirs.  At  the  end  of  a  series  of  runs, 
or,  when  necessary,  after  one  or  more  of  the  component  runs  have  been 
completed,  samplers  and  reservoirs  are  removed  from  the  chamber  tor 
dilution  and  plating  or  comparable  operations.  This  step  has  been 
accomplished  safely,  as  indicated  by  test  runs  with  7>\  globign,  m  the 
following  way.  The  chamber  is  washed  with  clean  air  for  at  least  ten 
minutes  at  a  rate  of  flow  equal  to  or  higher  than  that  employed  during 
the  run.  The  reservoirs  and  samplers,  which  may  be  in  position,  or  may 
previously  have  been  disconnected,  stoppered  and  placed  on  ice  in  the 
chamber,'  are  then  prepared  for  removal.  Reservoirs  are  closed  with 
their  ground  joint  covers.  The  stems  of  impingers  are  removed  and  e 
in  the  chamber,  and  each  flask  is  closed  with  a  stopper  at  its  mouth  and 
with  a  short  length  of  rubber  tubing,  sealed  at  one  end,  over  its  side 
arm — these  stoppers  having  been  kept  during  the  run  in  a  covered  -vy. 
The  closed  containers  are  then  immersed  for  30  seconds  .n  dismfe tant 
solution  suitable  for  the  agent.  A  sheet  metal  tray,  made  to  the 

airlock  is  used  to  remove  the  impingers.  This  tray  ha\  mg  1  I  - 

•I  tie  ’airlock  and  the  outer  airlock  plate  bolted  in  potion  he  mner 
airlock  door  is  opened,  the  tray  drawn  into  the  chamber,  and 
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voirs  and  samplers,  wrapped  in  a  towel  wet  with  disinfectant,  placed  in 
it.  The  tray  is  then  returned  to  the  airlock  and  the  inner  airlock  port 
closed.  Air  is  run  through  the  airlock  at  a  rate  ol  20  liters  per  minute 
for  5  minutes.  The  outer  plate  is  then  removed,  and  an  operator,  wear¬ 
ing  rubber  gloves  and  holding  a  towel  soaked  in  disinfectant,  removes  the 
tray  while  wrapping  it  in  the  towel.  The  airlock  is  then  immediately 
closed.  The  reservoirs  and  samplers  are  washed  thoroughly  under 
running  water  before  being  opened. 

Final  Sterilization.  At  the  end  of  a  run  series,  sterilization  of  the 
chamber,  airlock,  sump  tank  and  associated  piping  has  been  accom¬ 
plished  with  steam  at  15  pounds  pressure  maintained  for  15  minutes 
under  ordinary  circumstances,  or  for  45  minutes  when  a  spore-bearer 
has  been  used.  The  steps  in  this  process  are  as  follows.  Reservoirs  and 
impingers  having  been  removed  from  the  chamber  and  airlock,  and  the 
outer  airlock  plate  bolted  in  place,  the  inner  airlock  port  is  opened  to 
prevent  sticking,  and  the  atomizer-mixer  disassembled  and  placed  on 
the  chamber  floor  to  avoid  having  it  overturned  and  broken  by  entering 
steam.  A  small  volume  of  air  is  bled  into  the  chamber  to  collapse  the 
gloves,  and  the  outer  glove  plates,  closing  the  glove  openings,  bolted  in 
position.  The  gloves  are  collapsed  to  avoid  undue  distention  when  the 
pressure  in  the  chamber  falls  below  atmospheric  after  steaming. 

The  introduction  of  steam  may  be  accomplished  in  several  ways,  only 
one  oi  which  need  lie  described.  1  he  process  must  be  done  in  such  a 
way  as  to  permit  entering  steam  to  displace  air  from  all  parts  of  the 
system  into  the  vacuum  line,  to  maintain  a  negative  pressure  of  1  to  2 
cm.  Ilg  in  the  system  until  the  air  has  been  exhausted  from  it,  and  then 
to  allow  the  steam  pressure  to  build  up  uniformly  to  15  pounds  per 
square  inch.  The  mercury  manometer  of  the  airlock  is  therefore  left 
open  to  the  system  until  the  second  of  these  objectives  has  been  accom¬ 
plished.  At  the  outset  all  terminal  valves  on  the  interconnected  air- 
steam  pipe  line  are  closed  (see  fig.  9),  while  cross-connecting  valves  and 
those  on  the  chamber  inlet  lines,  including  the  steam  inlet,  are  opened 
All  vacuum  lines  between  the  interconnected  chamber,  airlock  and  the 
sump  tank  are  closed  at  first.  Steam  is  then  run  simultaneously  into 
the  chamber  and  sump  tank,  and  the  chamber  vacuum  control  valve  is 

“r"  t0  be, from  the  system,  and  to  maintain 
-light,  vacuum  required  during  the  process.  As  the  pressure  in  the 
sump  tank  rises  toward  zero,  the  sampler  lines  are  opened  to  permit 
Steam  to  pass  through  them.  When  the  exhaust  lino  from  the  sump 
tank  becomes  d.stinctly  hot,  indicating  that  all  air  has  been  displaced 
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the  main  valve  on  this  line  is  closed  and  the  chamber  and  airlock  vacuum 
control  valves  opened  wide.  The  airlock  manometer  is  then  closed  off, 
and  steam  pressure,  controlled  by  a  pressure  regulator  in  the  steam 
supply  line,  is  allowed  to  build  up  to  15  pounds. 

After  turning  oil  the  steam  supply  at  the  end  of  the  sterilization  period, 
the  pressure  must  be  watched  closely  during  cooling  to  avoid  the  develop¬ 
ment  ot  vacuum  sufficient  to  burst  the  gloves.  As  soon  as  the  gauges 
show  that  the  pressure  has  fallen  below  atmospheric,  the  drain  valves 
in  the  steam-air  line  and  on  the  sump  tank,  and  the  air  cock  on  the  air¬ 
lock,  are  opened  wide  to  permit  free  entry  of  room  air.  It  has  been 
found  advisable  not  to  hasten  the  cooling  process  by  hosing  until  the 
pressure  has  been  equalized.  Experience  indicates  the  point  at  which 
the  heavier  metal  parts,  particularly  the  glove  rings,  may  be  cooled 
rapidly  with  water.  Thereafter  the  gloves  may  be  removed  and  the 
interior  of  the  chamber  cleaned  in  preparation  for  the  next  run.  The 
final  step  in  this  process  is  the  readjustment  of  all  valves  and  the  restora¬ 
tion  of  vacuum  in  the  sump  tank. 


Procedures  for  Standard  Runs 

Procedures  that  have  been  developed  successfully  by  repeated  experi¬ 
ence  are  as  follows:  (a)  runs  without  animals,  used  to  investigate  such 
properties  of  the  agent  as  stability  in  different  suspending  media;  (b) 
single-dose,  single-group  runs,  the  simplest  type  ot  animal  run,  in  which 
one  lot  of  animals  is  exposed  uniformly  and  removed  to  one  storage  box ; 
(c)  two-dose  runs,  in  which  two  lots  of  animals  are  exposed  in  separate 
baskets  for  different  periods  within  a  time  schedule  arranged  to  permit 
their  removal  to  separate  storage  boxes;  (d)  single-dose,  multiple  group 
runs,  in  which  two  or  more  lots  of  animals,  of  one  or  more  species,  are 
exposed  uniformly  and  removed  to  separate  storage  boxes;  and  (e) 
multiple-dose  titration  runs,  in  which  as  many  as  nine  small  groups  ot 
animals  of  one  species  are  exposed  to  a  range  ol  cloud  dosages  and  re¬ 
moved  to  one  or  more  storage  boxes. 

Runs  without  Animals.  As  many  as  five  component  runs  ot  this  type 
have  been  performed  as  a  single  series.  Needed  materials  are  placed  in 
the  chamber  to  begin  with,  including  reservoirs  and  impingers  lor  the 
entire  series.  The  first  reservoir  is  attached  to  the  atomizer,  the  otlicis 
being  kept  on  ice.  The  impinger  tray  is  placed  in  the  airlock  before  the 
run  is  started  and  the  outer  airlock  plate  bolted  in  place  I  he  mne, 
airlock  port  having  been  closed,  the  chamber  gloves  are  attached  a 
the  secondary  air  turned  on.  Hygrometer  readings  are  taken  at  inter- 


EQUIPMENT  AND  METHODS 


41 


vals  until  the  relative  humidity  to  be  maintained  is  reached.  The 
primary  air  is  then  turned  on,  and  the  glove  operator  starts  the  stop¬ 
watch  as  atomization  begins.  Hygrometer  readings  are  taken  at  3- 
minute  intervals.  A  timer  is  set  to  ring  before  the  expiration  of  10 
minutes.  At  the  10-minute  point  by  stopwatch,  the  first  pair  of  im- 
pingers  is  put  into  operation  via  the  external  sampler  cock.  At  the  20- 
minute  point  the  impingers  and  the  primary  air  are  turned  off  simulta¬ 
neously.  The  secondary  air  flow  is  continued.  The  first  reservoir  and 
the  first  pair  of  impingers  are  disconnected,  stoppered  and  put  on  ice. 
The  second  reservoir  is  then  attached  and  the  second  run  performed  by 
the  same  procedure.  The  remaining  runs  in  the  series  are  completed 
similarly.  Airwashing  between  runs  need  not  be  timed  if  the  concen¬ 
tration  of  agent  in  the  reservoirs  is  increased  in  successive  runs.  After 
the  last  run  in  the  series,  the  secondary  air  is  continued  to  wash  the 
chamber  for  10  minutes.  During  this  interval  the  last  set  of  reservoir 
and  impingers  is  disconnected  and  stoppered,  and  the  external  surfaces 
of  all  reservoirs  and  impingers  are  disinfected.  They  are  removed  after 


an  additional  5  minutes  of  airwashing  in  the  airlock,  as  outlined  above. 
1  he  chamber  is  then  sterilized  by  the  procedure  previously  given. 

Single-dose,  Single-group  Runs.  Runs  of  this  type,  which  may  also  be 
performed  in  a  consecutive  series,  have  been  used  for  exposure  of  rela- 
ti\eh  laige  groups  of  animals  for  measurement  of  infection-dosage 
lelationships,  or  for  simultaneous  exposure  of  normal,  vaccinated  and 
convalescent  animals.  In  serial  runs  the  reservoir  concentrations  may 
be  held  constant  or  successively  increased.  The  method  corresponds 
with  that  gi\  e  n  in  the  preceding  paragraph  with  the  loll  owing  exceptions. 
Animals  lor  the  first  run,  in  a  single  large  basket  (fig.  15),  are  placed  in 
the  airlock,  the  inner  port  of  which  is  closed  before  the  run  is  started 
and  the  outer  plate  is  applied.  Air  is  run  through  the  airlock  at  the  rate 

0  ?°„ lters  pf'' minute  t0  ventilate  the  animals.  The  run  is  then  started 
as  betore.  After  <1  minutes  anil  45  seconds  of  atomization  the  airlock  air 

m-  b'Tnt  t  “"I  i  ‘  "T  ai'  l0Ck  port  *  opened  so  as  to  draw  the  ani- 
,  '  nt0  the  cloud  at  the  10-minute  point.  The  airlock  port  is  then 
<  losed  and  the  airlock  steamed  and  rapidly  cooled.  The  outer  plate  is 

inXe  Afte0rn?9nSate  “d  “  animal  st°rage  box  bolted 

m  Place.  After  I!  minutes  and  45  seconds  of  atomization  the  airlock 

E&SSE  animals  are  returned  to  the  airlock,  and  the  port 

w  i  I  ah  at  20  rnUte  -"I'  7he  animals  are  ventilated  in  the  airlock 

turned  off  W  £  "’"m  minutes'  The  airlock  air  is  then 

turned  off,  but  the  vacuum  control  valve  is  left  open.  Leakage  through 
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the  storage  box  prevents  the  development  of  excessive  vacuum.  The 
animals  are  then  drawn  into  the  storage  box  and  the  forward  box  lid 
put  in  place.  1  he  airlock  is  again  steamed  and  rapidly  cooled.  During 
this  steaming,  with  the  storage  box  attached  to  the  airlock,  a  stream  of 
water  is  played  on  the  box  just  below  the  airlock  flange  to  prevent  over¬ 
heating  and  melting  of  the  paraffin-petrolatum  seal.  The  cock  shown 
under  the  airlock  in  figure  10  is  used  for  this  purpose.  After  steaming 
and  cooling,  the  storage  box  is  disconnected,  the  condensate  removed 
from  the  airlock,  a  second  lot  of  animals  is  introduced,  and  the  outer 
airlock  plate  replaced.  The  interior  of  the  chamber  having  been  pre¬ 
pared  for  another  run  in  the  meantime,  the  procedure  is  then  repeated. 

The  operation  following  aeration  of  animals  in  the  airlock,  including 
transfer  of  animals,  steaming  and  cooling  of  the  airlock,  removal  of  the 
storage  box  and  replacement  of  animals  in  the  airlock,  can  be  completed 
in  about  five  minutes.  A  period  of  about  15  minutes  thus  intervenes 
between  runs.  Removal  of  reservoirs  and  impingers  and  other  terminal 
steps  are  standard. 

Two-dose  Runs.  This  type  of  run  is  a  variant  of  the  preceding,  ar¬ 
ranged  to  permit  exposure  of  two  groups  of  animals  for  different  intervals 
to  the  same  cloud.  The  two  intervals  begin  simultaneously.  The  time 
required  to  transfer  animals  from  the  airlock  to  the  chamber  and  back 
(not  more  than  20  seconds  in  all)  imposes  a  maximum  error  ot  about  3 
per  cent  during  a  10-minute  exposure  interval,  the  error  increasing  as  the 
interval  is  shortened.  In  runs  of  this  type  intervals  shorter  than  10 
minutes  have  not  been  attempted.  The  longer  exposure  interval  must 
be  greater  than  the  sum  of  the  following:  the  airlock  aeration  intenal 
of  the  first  lot  (10  minutes);  the  time  required  to  transfer  this  lot  of 
animals  to  a  storage  box;  the  time  taken  to  steam  and  cool  the  airlock; 
and  the  time  required  to  disengage  the  box  and  attach  anothei.  W  hik 
the  three  latter  steps  can  easily  be  completed  in  5  minutes  by  a  trained 
crew,  as  noted  above,  it  is  advisable  to  allow  10  minutes  for  them  when 
the  interval  is  a  critical  one.  Since  the  second  exposure  interval  also 
includes  the  first,  it  therefore  cannot  be  less  than  30  minutes.  It  may 
be  longer  if  a  wider  spread  of  dosage  is  required.  Intervals  ot  10  and  40 
minutes  have  been  used  to  give  a  1 :4  ratio  of  dosage.  The  atomizer  is 
operated  for  the  customary  10  minutes  before  exposure,  hence  for  a  total 
of  50  minutes.  Two  runs  of  this  type  have  been  done  in  senes  with 
two  graded  reservoirs.  The  sliding-door  baskets  shown  m  figure  lo  aie 
suitable  for  these  runs,  each  dosage  group  of  animals  being  contamec 
in  a  separate  basket.  The  two  baskets  for  each  run  are  wired  together 
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in  such  a  way  as  to  permit  them  to  lie  drawn  into  the  chambei  in  one 
operation  and  then  easily  separated. 

Single-dose,  Multiple-group  Runs.  This  method  was  developed  for 
simultaneous  exposure  oi  more  than  one  airlock  load  ot  animals.  It  has 
been  used  for  exposure  of  10  to  24  guinea  pigs  (8  to  12  in  each  of  two  10 
inch  baskets)  and  for  simultaneous  exposure  of  mice,  hamsters  and  cotton 
rats,  which  were  subsequently  removed  to  separate  storage  boxes.  The 
animals  to  be  exposed  are  placed  in  the  chamber  before  the  run  is  started 
and  held  there  during  the  entire  period  of  atomization  and  lor  a  subse¬ 
quent  interval  long  enough  to  clear  the  cloud  from  the  chamber.  There¬ 
after  they  may  be  removed  at  leisure.  Exposure  time  for  estimation  of 
dosage  is  taken  as  the  time  of  atomization,  on  the  basis  outlined  in 
Chapter  14.  Samplers  are  operated  during  any  part  of  the  “plateau” 
period — after  the  first  10  minutes  of  spraying.  This  is  done  in  pref¬ 
erence  to  sampling  for  the  entire  period  of  animal  exposure  to  minimize 
the  chance  of  contamination  of  the  collecting  medium  from  the  animal 
coats. 

Multiple-dose  Titration  Runs.  This  distinctive  method  permits  the 


exposure  of  small  animals  in  groups  of  4  to  6  over  a  wide  range  of  dosage 
tor  preliminary  titrations  ot  virulence.  In  a  single  run,  three  groups 
may  be  exposed  to  a  constant  cloud  for  different  periods,  usually  2,  5 
and  10  minutes  respectively.  Three  such  runs  may  be  done  conveniently 
as  one  series,  using  three  increasing  concentrations  of  agent.  A  titra¬ 
tion  with  nine  points  may  thus  be  set  up  in  a  single  series  with  dosage 
levels  (in  organisms)  such  as  10,  25,  50;  100,  250,  500;  1000,  2500,  5000. 

The  method  has  been  used  successfully  with  six  mice  or  four  hamsters 
at  each  dosage  level. 

The  special  animal  containers  used  lor  these  runs  have  been  described 
abo\  e.  They  include  aeration  chambers  made  from  one-gallon  paint 
cans,  three-compartment  exposure  baskets,  and  trapeze  baskets  (fig  16) 

I  Ins  procedure  was  devised  before  the  rapidly  operated  inner  airlock  port 
was  available.  Since  the  cumbersome  inner  plate  then  in  use  made  it 
inconvenient  to  draw  animals  sharply  from  airlock  to  chamber  the 
exposure  baskets  were  made  to  lit  into  the  aeration  cans,  and  the  animals 
tor  a  given  run  were  placed  in  the  chamber  from  the  start,  within  these 
containers,  so  that  they  breathed  uncontaminated  air  as  the  cloud 
accum, Hated.  With  the  aid  of  the  inner  airlock  port  the  animl  can  be 

Plateau  eX  Th'"  *”*  COnc“»"  developed  to  the 

,  A  lh's  Pr°eediire  not  only  avoids  crowding  equipment 
mto  the  chamber,  but  permits  the  use  of  larger  exposure  baskets  a„d 
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hence  of  somewhat  larger  groups  of  animals.  Only  one  size  of  exposure 
basket  has  been  used,  but  both  methods  of  introducing  animals  into  the 
cloud  have  been  used  successfully.  In  either  instance  the  animals  to 
be  exposed  in  a  given  run,  suitably  marked  and  weighed,  are  placed  in  a 
three-compartment  basket,  which  in  turn  is  either  set  into  an  aeration 
can  or  placed  in  the  airlock.  Empty  trapeze  baskets,  with  their  covers 
removed  but  kept  on  hand,  are  likewise  set  into  aeration  cans.  All  cans 
are  placed  in  the  chamber  immediately  before  the  run  and  connected 
through  their  inlet  tubes  to  the  tertiary  air  line.  The  tertiary  air  is 
started  at  once  to  provide  3  to  G  liters  of  clean  air  per  minute  per  can, 
and  is  continued  throughout  the  period  of  development,  maintenance  and 
dissipation  of  the  cloud. 

Six  mice  fit  conveniently  into  each  compartment  of  the  exposure 
basket,  so  that  a  single  basket  suffices  for  one  run  with  these  animals. 
Preliminary  experiments,  confirmed  by  experience,  have  shown  that  36 
mice  can  be  contained  in  a  single  trapeze  basket  within  an  aeration  can, 
without  harm  during  the  required  period.  The  perches  allow  the  ani¬ 
mals  to  circulate  so  that  all  are  well  aerated.  In  other  words,  if  9  points 
with  4  mice  per  point  are  involved  in  a  series  of  three  multiple-dose  runs, 
a  single  trapeze-basket-aeration-can  receiver  system  may  be  used.  If  6 
mice  per  point  are  used  two  receiver  systems  are  required.  ( )nly  2 
hamsters  can  occupy  one  exposure  compartment,  and  since  these  animals 
tend  to  huddle  together,  no  more  than  6  should  be  placed  in  one  receiver 
can.  With  4  hamsters  per  point,  two  exposure  baskets  and  two  receiver 
systems  are  therefore  needed  for  each  run  in  the  series.  W  ith  mice  all 
the  animals  can  be  removed  to  a  single  storage  box  at  the  end  of  the 
series.  With  hamsters  the  animals  must  be  removed  to  a  separate 
storage  box  at  the  conclusion  of  each  run. 

The  exposure  baskets  are  drawn  into  the  cloud  sharply  at  the  ten- 
minute  point  of  atomization.  At  the  expiration  of  the  predetermined 
exposure  intervals,  the  compartments  are  opened  and  the  animals 
transferred  individually,  with  the  aid  of  tongs,  to  the  receiver  (trapeze- 
basket)  cans.  Each  animal  is  forced  through  the  slit  diaphragm  into 
clean  air.  With  practice,  this  operation  can  be  done  smoothly  and 
rapidly,  so  that  the  error  in  a  two-minute  exposure  interval  does  not 
exceed  10  seconds  (8  per  cent).  This  error  is  considered  tolerable  in 
view  of  the  occurrence  of  larger  errors  which  can  not  be  easily  brought 
under  control,  as  noted  in  the  concluding  part  of  this  Section. 

Since  it  is  customary  to  use  tenfold  increments  of  concentration  in  t  ie 
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reservoirs  in  successive  runs  in  a  series,  airwashing  between  runs  with 
mice  may  be  reduced  to  the  time  required  for  necessary  manipulations. 
With  mice  this  involves  only  an  exchange  ol  reservoirs.  \\  hen  hamsters 
are  used,  on  the  other  hand,  it  is  necessary  to  wash  the  chamber  with 
clean  air  for  10  minutes  after  each  run.  The  trapeze  baskets  may  then 
be  removed  from  the  aeration  cans,  the  basket  covers  put  in  place,  the 
baskets  wired  together,  and  the  usual  procedure  followed  of  removal  via 
the  airlock  to  a  storage  box.  In  the  meantime  the  chamber  is  prepared 
for  the  next  run. 

The  multiple-dose  hamster  technique  is  the  most  elaborate  type  of 
run  that  has  been  performed.  A  detailed  standard  operating  procedure 
may  therefore  be  useful.  It  will  be  noted  that  many  of  the  steps 
apply  to  other  types  of  runs  as  well. 

STANDARD  OPERATING  PROCEDURE  FOR  TRIPLE  3-DOSE  (2,  5,  10 
MIN.)  HAMSTER  RUN,  4  HAMSTERS  PER  DOSE 

In  chamber:  Atomizer-mixer  assembly  with  1st  reservoir 
2nd  and  3rd  reservoirs  on  ice 
Water  reservoir 
3  pairs  of  impingers,  attached 

2  receiver  cans  with  trapezes,  attached  to  tertiary  air  (12  liters  per 
minute) 

2  trapeze  basket  covers 

Wire  handles  for  trapeze  baskets 

Iron  wire  to  join  trapeze  baskets 

Weighted  covers  for  receiver  cans 

Animal  tongs 

Screwdriver 

Sterile  petri  dish  (to  receive  reservoir  covers) 

Disinfectant  (e.g.,  5  per  cent  phenol)  in  covered  container 
Impinger  stoppers  in  covered  tray 
Gauze  in  covered  tray 


Available: 


3  large  storage  boxes  for  hamsters,  tagged 

6  sets  of  6  hamsters  (2  sets  each  for  runs  1 ,  2  and  3)  in  3-compartment 
baskets.  Arrange  hamsters' in  order,  left  to  right  with  door 
hinges  toward  operator:  order  a,  a'  (weighed  together);  b 

together)  Separate  y } ’  b'  Weighed  separately);  c,  c'  (weighed 

4  trapeze  baskets,  with  covers,  wired  in  pairs 
Impinger  tray,  lined  with  cotton  soaked  in  disinfectant 

-  hand  towels  soaked  in  disinfectant 

-  dry  Turkish  towels 
Room  glycol  vaporizer 
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Steam  draining  (to  prevent  accumulation  of  condensate  in  lines) 

Chamber  gloves  on 

Glycol  vaporizer  on.  Room  relative  humidity  measurements  at  intervals 
Bleed  steam  to  bring  room  relative  humidity  to  55  to  G5  per  cent 
Secondary  air  on,  to  chamber  relative  humidity  35-45  per  cent 


Time  (minutes  and  seconds  after  starting  atomizer) 

0  Primary  air  on 

First  2  sets  of  hamsters  in  airlock.  Aerate  20  liters  per  minute 
9:45  Airlock  air  off. 

9:50  Start  loosening  inner  airlock  port. 

10  First  pair  of  impingers  on.  Bring  animals  into  chamber.  Place 
baskets  end-to-end  with  long  axis  in  long  axis  of  chamber,  door 
hinges  toward  operator.  Hamster  groups  a,  b,  c  left  to  right. 
Close  airlock  port.  Steam  airlock  at  0  pounds  per  square  inch 
for  1  minute.  Remove  outer  plate,  mop  out  condensate  and 
attach  first  storage  box. 

11:50  Unhook  compartments  a  and  a'.  Grasp  hamster  on  back  with  tongs. 

11:55  Start  transferring  hamsters  of  group  a  to  receiver  can  1. 

12:05  Finish  ditto. 

14:50  Unhook  compartments  b  and  b'. 

14:55  Start  transferring  hamsters  of  group  b  to  can  1,  and  of  group  b'  to 
can  2. 

15:05  Finish  ditto. 

19:50  Unhook  compartments  c  and  c'. 

19:55  Start  transferring  hamsters  of  group  c  to  can  2. 

20  Primary  air  and  impingers  off  simultaneously.  Continue  secondary 
and  tertiary  air. 

20:05  Finish  transferring  hamsters. 

Remove  1st  reservoir  and  put  on  ice.  Attach  water  reservoir  and 
start  primary  air.  Remove  first  pair  of  impingers  and  put  on  ice. 

30  Tertiary  air  continuing,  remove  trapeze  baskets  from  receiver 
cans.  Put  basket  covers  in  position.  Wire  the  2  baskets  to¬ 
gether  bottom  to  bottom  and  attach  wire  handle  to  sides  of  one 
basket.  Open  airlock  port  and  push  baskets  all  the  way  into 

airlock. 


Aerate  animals  in  airlock  5  minutes  at  20  liters  per  minute.  Remove  trapeze 
baskets  to  animal  box.  Remove  basket  covers  and  leave  them  in  t  le 

animal  box.  • 

Steam  airlock  at  0  pounds  per  square  inch  for  1  minute.  Disengage  box,  mop 

Put  "second  ^pair  of  trapeze  baskets  with  covers  in  airlock.  Attach  outer 
plate  Bring  baskets  into  chamber.  Close  airlock  port  and  steam  un¬ 
lock  at  0  pounds  per  square  inch  for  1  minute.  Remove  outer  plate  and 

Remove  basket'eovers  and  place  baskets  in  receiver  cans.  Close  can  covers. 


Second  and  third  runs 


follow  the  same  procedure. 
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After  run  3,  disinfect  impingers  and  reservoirs  during  animal  aeration  inter¬ 
val.  After  disengaging  the  third  storage  box,  place  impinger  tray  in 
airlock  and  attach  outer  plate.  Open  airlock  port,  draw  tray  into  cham¬ 
ber,  load  with  reservoirs  and  impingers  covered  with  towel  soaked  in 


disinfectant,  and  replace  in  airlock.  Close  airlock  port.  Aerate  airlock 


at  20  liters  per  minute  for  5  minutes  and  remove  tray.  Replace  outer 
plate. 

Open  inner  airlock  port  and  prepare  chamber  for  sterilization. 


Variations  and  Special  Runs 


The  foregoing  procedures  were  developed  to  meet  the  needs  of  this 
project  as  they  arose,  and  do  not  exhaust  the  possibilities  of  the  cloud 
chamber  equipment.  Two  runs  of  special  types  may  be  mentioned  as 
examples  ot  the  many  other  possibilities.  These  are  (a)  tests  of  cloud 
disinfection  with  triethvlene  glycol ;  and  (b)  studies  of  anaphylaxis  by  the 
respiratory  route. 

Triethylene  Glycol  Tests.  Several  runs  of  this  type,  the  results  of  which 
are  presented  elsewhere  (53),  were  required  to  work  out  a  satisfactory 
procedure.  1  he  agents  employed  were  the  viruses  of  meningopneu- 
monitis,  and  later  of  psittacosis.  The  glycol  effect  was  estimated  in 
teims  ot  reduction  ot  cloud  concentration  recovered  in  samplers  and  of 
diminution  ot  infective  response  in  exposed  mice.  The  reservoirs  con¬ 
tained  yolk  sac  suspensions  of  virus  diluted  in  broth.  A  tendency  was 
noted  for  the  atomizer  fluid  output  to  fall  progressively  with  time.  *  The 


tall  appeared  to  be  due  to  progressive  accumulation  of  yolk  sac  particles 


rawn  from  a  separate  air 
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lino  on  t he  control  panel,  was  used  with  a  total  airflow  through  the 
chamber  ol  96  liters  per  minute.  I  nder  these  conditions  a  fog  easily 
visible  with  the  lyndall  beam  developed  within  five  minutes  and  disap¬ 
peared  in  about  the  same  period  when  the  chamber  was  washed  with 
clean  air  at  the  same  rate  of  flow.  To  maintain  constant  airflow  through¬ 
out  the  five  runs,  the  glycol  atomizer  was  run  empty  in  the  control  runs 
and,  with  the  virus  atomizer  spraying  water  to  clean  it  and  to  maintain 
the  chamber  humidity,  in  the  intervals  between  runs.  The  spraying  of 
glycol  was  begun  five  minutes  before  starting  the  atomizer  in  each  glycol 
run,  and  the  animals  were  introduced  and  the  impingers  started,  as 
usual,  after  spraying  virus  for  10  minutes.  Fluid  glycol  was  consumed 
in  the  reservoir  at  a  rate  of  0.14  to  0.15  ml  per  minute,  producing  a  glycol 
cloud  well  in  excess  of  vapor  saturation  (25). 

Anaphylaxis  by  Respiratory  Exposure.  Details  of  a  study  of  anaphy¬ 
laxis  in  guinea  pigs  by  respiratory  exposure  are  given  in  a  separate  report 
(58).  The  method  used  departed  widely  from  those  employed  for  other 
purposes  because  non- viable  antigens  were  sprayed.  Moderate  leakage 
from  the  chamber  was  therefore  allowable.  Circular  glass  plates  were 
used  to  cover  the  glove  openings  instead  of  the  gloves,  and  animals  were 
introduced  into  and  removed  from  the  chamber  through  these  openings 
by  removing  the  plates.  This  method  made  it  possible  to  introduce 
animals  rapidly,  and  permitted  three  observers  to  note  reactions,  through 
the  glove  openings  and  the  sight  glass  respectively.  The  floor  of  the 
chamber  was  subdivided  into  four  spaces  or  corrals  with  hardware 
doth  fences,  and  the  animals  were  permitted  to  run  tree  within  three 
of  them,  the  fourth  being  used  to  contain  and  protect  the  atomizer  sup¬ 
port  and  impingers.  Dosage  was  estimated  indirectly,  in  teims  of 
antigen  nitrogen,  by  using  known  concentrations  of  phenol  red  along 
with  antigen  in  the  reservoirs,  and  by  determining  the  dye  colon- 
met  rically  in  the  samplers  by  the  method  described  in  a  later  paragraph. 
Gas  masks  were  worn  by  the  operating  crew  during  these  runs  to  protect 
them  against  the  possibility  of  sensitization  to  the  agents  used. 

METHODS  FOR  HANDLING  AND  MAINTENANCE  OF  ANIMALS 
Preparation  and  Exposure 

The  methods  used  to  prepare  animals  for  a  run,  and  those  directly 
incident  to  the  run,  have  been  given  or  implied  in  the  ’  P*^"«  ^  ; 
They  may  be  recapitulated  and  amplified  as  tol  ovs.  ' 
infective  agents,  the  animals  are  first  placed  in  suitable  baskets  and, 
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with  exceptions  noted  above,  the  baskets  rather  than  the  individual 
animals  are  handled  throughout  the  run  up  to  the  completion  of  air¬ 
washing  in  the  airlock,  or  beyond  this  point  until  after  introduction  ol 
the  container  into  the  storage  box.  Since  tidal  air  estimates  are  based 
on  body  weight,  animals  are  first  weighed  in  the  weighed  basket  and  the 
average  weight  determined  by  difference.  The  baskets  are  introduced 
into  the  airlock  or  directly  into  the  chamber,  depending  on  the  type  of 
run.  After  exposure  the  basket  or  baskets  are  returned  to  the  airlock, 
previously  closed  at  its  outer  end  by  attachment  of  a  storage  box,  and 
washed  with  clean  air.  The  animal  box  operator  then  draws  the  basket 
or  the  individual  animals  into  the  box  by  means  of  the  box  glove,  re¬ 
places  the  lids  of  the  box  and  withdraws  his  hand.  During  this  process 
while  the  storage  box  is  attached  to  the  airlock,  the  box  exhaust  cock  is 
connected  with  the  animal  vacuum  manifold  with  rubber  pressure 
tubing  long  enough  to  permit  the  needed  movements  of  the  box,  and  the 
vacuum  line  is  opened  to  maintain  a  negative  pressure  within  the  box. 
\\  hile  the  channel  between  box  and  airlock  is  open  this  negative  pressure 
is  augmented  with  the  aid  of  the  airlock  vacuum  control  valve.  The 
box  is  detached  after  steaming  and  cooling  the  airlock.  It  is  then 
maintained  on  vacuum  in  the  chamber  room  for  at  least  10  minutes,  or  as 
much  longei  as  concurrent  operations  require.  The  box  vacuum  exhaust 
cock  is  then  closed  and  the  vacuum  line  disconnected  at  the  box.  The 
vacuum  in  the  line  itself  is  maintained  for  at  least  10  minutes  more  to 
wash  the  line  with  room  air.  The  box  is  then  transferred  to  the  animal 
airlock  (see  fig.  23),  reconnected  to  the  animal  vacuum  line  there,  the 
airlock  closed,  and  the  box  allowed  to  remain  under  ventilation  for  an 
additional  period  of  10  minutes  or  more.  Thereafter  the  animal  airlock 
is  opened  from  the  animal  room  side,  the  box  disconnected  as  before  and 
reconnected  to  one  of  the  copper  lines  in  the  animal  room.  It  is  then 
provided  with  a  water  bottle,  the  rubber  connection  for  this  purpose 

unde?  PretV10U  y  heen  d°Sed  With  a  hemostat  damp.  The  box  remains 
unclei  continuous  vacuum  ventilation  in  the  a 

animals  are  transferred  as  described 

figs.  12  and  2G). 


animal  room  until  the 
in  succeeding  paragraphs  (see 


Transfer  and  Workup 

“*  . . .  »■  —Asr 
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Figure  23.  Animal  storage  box  shown  connected  to  the  vacuum  manifold  in  the 

animal  airlock 


Figure  24.  The  disinfectant  bag  technique 
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boxes  (fig.  24).  This  bag  is  first  soaked  in  disinfectant  suitable  for  the 
agent.  Materials  to  be  introduced  are  placed  in  the  bag  before  attach¬ 
ment  to  the  box.  Materials  to  be  removed  are  handed  into  the  bag 
from  the  box.  After  the  operation  the  bag  is  held  and  twisted  so  as  to 
enclose  its  contents,  and  the  bag  itself  is  used  to  wipe  down  the  outer 
surface  of  the  flanged  opening  before  the  drawstring  is  loosened  and  the 
bag  removed.  This  method  is  used  for  introduction  of  fresh  food  or 
other  materials,  for  removal  of  exposure  baskets,  and,  with  the  transfer 
boxes,  tor  emergency  introduction  of  needed  instruments  or  other  mate¬ 
rials,  and  for  removal  of  dead  animals  in  cartons  after  autopsy. 

Box-to-cage  Transfers.  In  runs  with  hamsters  in  which  deaths  occur 
over  a  period  of  several  days  beginning  with  the  third  day,  and  in  which 
the  animals  become  sick  only  shortly  before  they  die,  it  has  been  found  nec¬ 
essary  to  isolate  the  animals  on  the  third  day  to  prevent  cannibalism  and 
permit  retention  of  satisfactory  autopsy  material  and  identifying  marks. 

1  he  data  given  in  Section  IV  on  contamination  of,  and  air  pollution  from, 
animal  coats  indicate  that  it  is  safe  to  move  such  animals  quickly  through 
the  air  of  the  animal  room  after  48  hours  or  more  of  airwashing  in  the 
stoiage  box.  They  aie  placed  at  this  time  in  standard  open-top  cages 
with  compartments  tor  individual  animals,  and  these  cages  are  placed 
and  kept  in  the  ventilated  cabinets,  which  are  opened  only  for  feeding 
and  tor  removing  dead  animals.  The  same  method  has  also  been  used 
vithgumea  pigs  exposed  to  Brucella  suis,  in  order  to  permit  the  feeding 

°  1  e'S )  Vltf?m,1,n.  C_beanng  foods  over  the  long  experimental  period 

required  with  this  agent.  1 

In  mow  of  this  procedure,  and  since  the  animal  storage  boxes  them- 
S  M  ?S  fre  relatlvely  rather  than  absolutely  leakproof,  gauze  surgical 

“7  T  w7  the  animal  rooms  as  an  added 

caution.  It  may  be  noted  that  these  rooms  have  been  found  com 
e tely  tree  from  animal  odors  even  when  filled  to  capacity.  They  have 

n  them  of  * *  f  "T*’  the  simultaneous  presence 

«=f  s=a  s* 

have  been  moved  to  fresh] v  ,  stoiage  boxes 

usually  every  4  or  5  davs  rn  •  s  oia8-e  >oxes  whenever  necessary, 

pair  of  tongs  and  a  towel  soaked  r  e  “  acComP|ished  as  follows.  A 
the  old  box  by  means  "f  he  A  ,  'f1,Sln!ectant  are  first  introduced  into 

7  ‘7  Chl:^^‘:^eT^t7  boxes 

removed  via  the  gloves  by  operate  on  each  sideband  the  anilt  « 
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transferred  individually  with  tongs.  The  towel  is  used  to  wipe  down  the 
space  between  the  forward  lids  before  the  boxes  are  separated. 

L  se  of  Transfer  Boxes.  The  lighted  and  double-flanged  transfer  boxes 
(fig.  13)  have  been  used  in  a  variety  of  ways  that  need  be  described  only 
in  general  terms.  They  are  sometimes  used  for  transfer  of  animals  from 
one  storage  box  to  another,  particularly  with  the  large  storage  boxes. 
The  transfer  box  is  then  bolted  between  the  two  storage  boxes.  They 


'  7"  ^>**J^* 

Met  hod  of  observation  of  animals  in  a  storage  box  in  the  animal  room 


are  used  particularly  for  autopsies.  The  transfer  box  is  fitted  in  ad¬ 
vance  with  instruments  and  other  needed  materials,  including  a  container 
of  disinfectant  and  a  towel.  Where  a  large  <*“?“" J£h  the 

zk  sas  ss  zsssxzfZtt 
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inspected  closely  and  passes  these  in  petri  dishes  to  the  next  box,  whose 
operator  dictates  his  observations  to  a  recorder.  The  animals  are 
finally  placed  in  pasteboard  cartons  and  removed  for  incineration  by  the 
disinfectant  bag  technique.  At  the  end  of  the  operation  the  transfer 
box  operators  wipe  down  the  spaces  between  the  doors  before  the  doors 
are  closed  and  the  boxes  disengaged. 

The  transfer  boxes  may  be  used  for  many  other  operations  in  which  a 
closed  system  is  desirable.  Among  examples  may  be  mentioned  the 
inoculation  lor  chemotherapeutic  purposes  or  others  of  animals  exposed 
to  infective  clouds,  intranasal  inoculations  with  dangerous  agents,  and 


the  preparation  of  liquid  suspensions  of  such  agents  from  mass  cultures 
The  hazard  of  air-borne  infection  resulting  from  laboratory  procedures 
is  discussed  in  a  separate  report  (51).  S 


Processing  of  Animal  Boxes 

After  the  last  animal  has  been  removed  from  the  storage  or  transfer 
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floor  tray  placed  over  a  suitable  container  so  as  to  collect  the  paraffin- 
petrolatum  sealing  mixture  for  reclamation. 

After  being  autoclaved  the  box  is  disassembled  and  cleaned.  When¬ 
ever  necessary  all  surfaces  are  refinished  with  aluminum  paint.  Since 
the  parts  are  not  freely  interchangeable,  the  box  number  is  carried  on 
each  part  to  permit  cleaning  in  bulk  and  subsequent  reassembly.  The 
upper  portion  of  the  box  is  prepared  with  a  new  cellophane  window  and  a 
freshly  tested  glove.  The  tray  is  provided  with  fresh  bedding  and  food. 
Before  use  the  lids  are  put  in  place,  the  top  set  into  the  tray,  and  hot 
paraffin-petrolatum  is  poured  into  the  tray  well  as  a  seal.  The  procedure 


Figure  27.  The  transfer  of  animals  from  a  storage  box  to  a  transfer  box 


used  with  the  transfer  boxes  is  similar,  except  that  folded  paper  (towelling 
or  newspaper)  is  used  in  place  of  shavings  or  other  bedding,  and  that 
equipment  may  be  introduced  easily  through  the  hinged  ports  after 

assembly. 


SPECIAL  METHODS 
Dye  and  Dye-Tracer  Studies 

The  use  of  a  dye  as  a  stable  substitute  for  viable  m 

on  air-borne  infection,  as  applied  by  Phelps  and  Buehbmde,  43)  and 
others  is  a  valuable  aid  in  the  elucidation  of  basic  principles.  Whereas 
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viable  agents,  with  the  possible  exception  of  spores,  cannot  be  recovered 
without  loss  after  spraying,  presumably  because  of  destruction  during 
atomization  or  subsequently  (see  Section  III),  a  dye  can  be  recovered 
quantitatively  within  the  limits  of  measurement,  as  will  be  seen  in 
Section  IV.  The  method  therefore  permits  establishment  of  a  standard 
by  means  of  which  one  may  obtain  an  estimate  o'  the  degree  of  lability 
of  viable  agents.  Such  an  estimate  may  be  obtained  by  adding  the  dye 
directly  to  a  suspension  of  the  agent,  so  that  both  may  be  sprayed  simul¬ 
taneously  under  identical  conditions.  This  “dye  tracer”  method  was 


operators^ are  shown  Vn  aTransTrTox  ^m0^1^011  °f  an  exPerim 


Four 


-  ; . r,  - <» 

Initial  dye  studies  in  'this  nmi  g  D°yle  and  hls  co-workers  (7). 

In  later  studies,  looking  toward  IhoZIT  7 ^  methylene 

applicable  to  viable  agents  phenol  red  ^  <)pmont  (f  dye-tracer  methods 
lul  use  in  tissue  culture  f  ,  "  u""  "h°Sei1  °f  its  success- 

known  ability  of  such  delicate  miorr  *  Uatl°n  of  Vlruses  (54)  and  the 
its  presence  (52).  "i, co-organisms  as  spirochetes  to  grow  in 
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The  suspension,  to  be  sprayed  is  prepared  by  addition,  to  the  suspen¬ 
sion  of  agent,  of  a  solution  of  phenol  red  made  up  in  the  same  suspending 
medium,  so  as  to  yield  a  final  concentration  of  500  to  1000  micrograms  of 
phenol  red  per  ml.  For  collection  of  cloud  samples,  a  set  of  impingers 
containing  25  ml  of  distilled  water  is  used  in  addition  to  the  set  contain¬ 
ing  collecting  medium  suitable  for  the  viable  agent.  The  run  is  then 
done  in  the  usual  way. 

Where  infective  agents  are  sprayed  along  with  dye,  colorimetric  meas¬ 
urements  are  made  on  samples  after  sterilization.  Sterilization  in  an 
autoclave  or  by  addition  of  phenol  has  been  found  to  result  in  irregular 
colorimetric  readings.  Good  checks  with  untreated  samples  have  been 
obtained  with  samples  steamed  in  an  Arnold  sterilizer  for  30  minutes. 


The  open  tubes  are  covered  with  a  sheet  of  paper  in  the  steamer  to  pre¬ 
vent  the  entrance  of  condensate.  No  change  in  liquid  level  in  the  tubes 
occurred  during  the  process. 

The  dye  has  been  estimated  as  follows.  A  1 : 100  dilution  in  distilled 
water  is  prepared  from  the  suspension  remaining  in  the  atomizer  reser¬ 
voir  after  spraying.  Samples  of  this  dilution  containing  10,  20,  30,  40 
and  50  micrograms  of  phenol  red  are  pipetted  into  Klett  tubes,  1  ml.  of 
10  or  20  per  cent  NaOH  is  added,  and  the  volume  made  up  to  10  ml. 
The  tubes  are  stoppered  and  their  contents  well  mixed.  The  maximum 
phenol  red  color  is  developed  in  alkaline  solution.  1  he  ext  inct  ion  \  alues 
of  these  reservoir  samples,  read  in  a  Klett-Summerson  photoelectric 
colorimeter  with  green  filter,  serve  as  a  calibiation  cui\e.  Aliquots  of 
samples  collected  in  the  distilled  water  impingers  are  made  up  similarly 
to  10  ml  with  distilled  water,  including  1  ml  of  NaOH,  and  read  m  the 
colorimeter.  The  reading  is  interpolated  on  the  calibration  curve  to 
give  the  amount  of  phenol  red  in  the  aliquot,  and  the  amount  of  dye  m 
25  ml  is  calculated  by  multiplying  by  the  factor  of  25  divided  by  the 
volume  of  the  aliquot.  Calculation  of  concentrations  of  dye  sprayed 
and  recovered,  and  of  nominal  recovery,  are  then  made  by  means  o 
equations  [1]  to  [3]  as  given  in  later  paragraphs.  By  using  distille 
water  in  samplers  for  estimation  of  dye  and  as  diluting  medium  through¬ 
out  the  ratio  of  suspension  color  from  broth  or  other  constituent, 
established  initially  in  the  reservoir  and  thereafter  maintained  in 
cloud  is  held  constant  in  all  samples,  so  that  the  suspense  color  ,s 

1  In  "anal v zing1  impinger^amples ,  the  largest  aliquot  giving  a  reading 
belween  50  Ind  300  with  the  Klett-Summerson  colorimeter  should  be 
taken,  in  order  to  minimize  errors  of  reading  am  c  i  u  io 
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Measurement  of  Particle  Size  Distribution  of  Clouds 

The  methods  used  in  preliminary  studies  of  particle  size  distribution 
of  clouds  have  been  based  directly  on  those  described  by  May  (35)  and 
amplified  by  Doyle  (7)  and  his  group  at  the  University  of  Chicago 
Toxicity  Laboratories  (57).  Minor  modifications  were  dictated  by  the 
presence  of  viable  agents,  and  in  initial  studies  by  lack  of  an  eyepiece 
reticule  (“graticule”)  for  direct  calibration  of  slide  counts.  Clouds  were 
produced  with  (  hicago  atomizers  and  a  one-inch  mixing  chamber. 
Initial  studies  with  phenol  red  in  distilled  water  were  made  by  means  of 
an  animal  tiansfei  box  used  as  a  cloud  chamber,  after  closing  its  larger 
openings  with  wooden  discs.  The  disc  sealed  into  one  of  the  large  flanged 
openings  was  perforated  to  receive  the  atomizer-mixer  assembly.  The 
inlet  tube  of  the  collection  apparatus  was  inserted  through  an  opening- 
in  the  side  at  the  opposite  lower  corner.  Studies  with  viable  agents  were 
made  in  the  Reyniers  chamber  under  standard  conditions. 

the  collection  apparatus  comprised  a  British  cascade  impactor  (35) 
connected  in  series  downstream  with  a  capillary  impinger  and  then  with 
a  glass  wool  filter.  The  impinger,  operated  dry  so  that  the  cloud  im¬ 
pinged  against  a  glass  slide,  acted  as  a  limiting  orifice  for  the  system. 
The  four  slides  of  the  impactor,  lying  against  orifices  of  decreasing  size 
were  thus  augmented  by  two  additional  collecting  mechanisms  so  as  to 
increase  the  separation  of  smaller  particles  and  provide  a  more  adequate 
estnnate  of  their  distribution.  The  airflow  through  the  dry  impinger 
uas  1 ,  5  iters  per  minute,  which  was  thus  the  airflow  through  the  system 
as  a  whole.  After  a  run,  each  of  the  5  slides  and  the  filter  were Tied 
for  30  minutes  with  10  ml  of  fluid.  Distilled  water  was  used  for  phenol 

for  )  r)11"  t’  mai  e  C0'0nmetrical|y  <«  described  above,  and  also 

ganisms  ivere  cmtnttd  by  plating  in  tli. . .  ““  ""  » 

,  “r  ■  >'•>»". ... 

each  level  of  the  imoaetor  •  > .,  !  ™as®medlan  diameter  (MMD)  of 

approximate  method  was  employed  ’  The  °llo.'Ving  ind“'ect  and  more 
drop  size  (EDS)  method  usimr  c-dihrnU  i  1S  the  Bntlsh  effective 

given  by  May  (35),  with  the  aid  of  which  t^MM? 
at  U.C.T.L.  (7,  57)  is  then  annlied  T  \  method  developed 

manner  of  treatment  of  the  analvtieal  1  T  Tth°ds  dlffer  in  their 

recovery  data  in  percentage  and  ^  x  B°th  methods  express  the 

particle  end  of  the  distribution1  (the "filler)  TheTos118  a» ^  SmaH 
mulates  the  total  percentage,  whereas  the  MMD 
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the  total  percentages  at  lower  levels  with  one-half  the  percentage  at 
each  upper  level  in  turn. 

The  MMD  for  each  of  the  4  intermediate  levels  of  the  impactor  system 
(impinger,  slides  1),  C  and  B)  was  therefore  estimated  as  follows.  May 
(35)  gives  the  values  2.5,  4.0  and  14.5  microns,  determined  by  the  EDS 
method,  for  slides  D,  C  and  B,  respectively.  The  analytical  data  from 
preliminary  calibration  runs  with  phenol  red  in  this,  laboratory  were 
accumulated  by  the  EDS  method  and  plotted  against  May’s  values  on 
log  probability  paper.  The  MMD  values  for  each  of  the  intermediate 
levels  were  then  obtained  by  interpolation.  Values  for  cumulative  mass 
percentage  at  each  of  the  six  levels  of  the  impactor  system  were  derived 
for  each  run  directly  from  the  analytical  data,  accumulated  by  the  MMD 


method.  The  cumulative  mass  percentage  values  thus  represent  the 
percentage  of  the  total  mass  of  the  cloud  that  was  contained  in  the  sum 
of  particles  smaller  than  the  estimated  MMD  value  at  each  intermediate 
level.  These  cumulative  mass  percentage  values,  plotted  on  log  prob¬ 
ability  paper  against  the  slide  MMD  values,  yielded  the  cloud  MMD  as 
the  point  at  which  the  line  formed  crossed  the  50  per  cent  ordinate. 

Data  obtained  by  this  method,  and  those  of  the  few  experiments  con¬ 
ducted  after  a  calibrated  eyepiece  reticule  was  obtained,  are  presented 
in  Chapters  9  and  14.  In  the  former  series  the  method  was  the  same 
except  that  slide  MMD  values  were  estimated  directly  from  slide  counts 
made  with  the  graticule.  It  will  be  seen  that  the  slide  MMD  values 
obtained  by  the  two  methods  do  not  agree.  Those  obtained  directly 
with  the  aid  of  the  graticule  are  considerably  lower  (roughly  one-hal  ), 
so  that  the  cloud  MMD  values  by  the  direct  method  are  correspondingly 
smaller.  These  smaller  values  are  believed  to  represent  the  actual  par¬ 
ticle  size  distribution  of  the  cloud  more  accurately. 


DILUTION,  PLATING  AND  COUNTING  SUSPENSION  AND  SAMPLER  FLUIDS 

Quantitative  experiments  on  air-borne  viable  agents  depend  heavily 
on  adequate  counting  methods  for  the  agents.  The  variability  ol  such 
counts  ma“n  important  factor  in  the  error  of  the  method  as  a  whole 
It'was  therefore  essential  that  methods  be  instituted  that  would  yield 
es  Its  within  acceptable  limits  of  error.  This  objective  has  been 
accomplished  for  the  bacterial  agents  used.  In  the  time  at  m  a  e  co 

S3SS. . . . .  *  .r»w  “  «■*  5£ 

i  rpfinpment  of  virus  titrations  (see  Chaptei  au  s 

::  d:"L  ^ 

Another  consideration  bearing  on  the  de\elopm 
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diluting  and  plating  methods  is  the  potential  hazard  of  air-borne  infec¬ 
tion  entailed  by  them.  The  methods  as  described  below  were  therefore 
devised  to  meet  the  dual  requirement  of  safety  and  precision. 

Planning  of  Dilutions  and  Replicates.  The  number  and  range  of  dilu¬ 
tions  to  be  plated,  and  the  number  of  replicates  at  each  dilution  level, 
are  planned  to  yield  a  minimum  of  4  countable  plates  and  a  minimum 
total  of  300  colonies  counted.  Where  the  litre  can  be  estimated  closely  in 
advance ,  dilutions  are  prepared  at  intervals  of  1 : 2,  1 : 4  or  1:5  rather  than 
1 : 10,  with  4  or  5  levels  in  duplicate,  or  3  or  4  levels  in  triplicate.  Where 
the  litre  cannot  be  estimated  closely  in  advance,  intervals  of  1  : 10  are  used 
with  replicates  ol  4  or  more,  so  that  at  least  4  countable  plates  are  avail¬ 
able  if  only  one  level  proves  countable. 

Counting.  A  total  of  at  least  300  colonies  is  counted  for  each  sample, 
distributed  on  at  least  4  plates,  and  including  if  possible  2  or  more  dilu¬ 
tion  levels.  \\  here  these  conditions  can  be  met  for  the  sample  it  is 
unnecessary  to  count  more  than  500  to  800  colonies  in  all.  Poured  plates 
with  less  than  30  or  more  than  500  colonies  per  plate  are  considered 
uncountable;  optimum  counts  per  plate  are  from  50  to  300.  Streaked 
plates  with  less  than  30  or  more  than  300  colonies  are  considered  un¬ 
countable;  optimum  counts  per  plate  are  from  50  to  150. 


Estimation  of  Average  Counts.  The  count  on  any  given  plate  is  dis- 
carded  if  the  total  count  for  the  sample,  not  including  the  discarded  plate 
is  at  least  300  colonies,  distributed  on  at  least  4  plates,  and  if  the  plate 
to  be  discarded  has  a  count  deviating  40  per  cent  or  more  from  the  aver¬ 
age  computed  Without  it.  Where  the  total  colony  count  for  the  sample 
■s  500  or  more,  and  4  or  more  plates  prepared  from  2  or  more  dilutions 

Dhtois  dtr  T|g'fV?  PerCentage  from  the  mean  ™lue.  additional 
plan  s  discarded  ,t  its  count  deviates  from  the  average  more  than  4 

tunes  the  given  percentage.  For  example,  if  all  the  plates  but  one  check 

20  ner  T  8nd  one  plate  has  »  fount  that  deviates  more  than 
30  per  cent  from  the  average,  that  plate  is  discarded. 

,iel*  '  re<®fms-  AI1  diluting  and  plating  procedures  are  carried 
on  ,,,  the  transfer  rooms  (fig,  2).  The*  rooms  are  ho"d  down  b  ore 

operating  “di  mnT  “  P°8Sibl°  ^ the  ^ion  is  complete.  Before 
the  agent  ‘  Table  ops  Z  7?  ■ "  with  the  disinf<*tant  used  for 

towels8  soalJt  dismal  E C“V *?  “  "ith  T«kish 

the  transfer  room.  Before  work  is  bee' '  ^ept  available  in 

checked  to  see  that  it  is  in  operation  IV  f  tninsl<?r  r00m  exhaust  is 
since  the  concentration  and  pemistence  of 
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greater  in  still  air  than  in  moving  air  (51).  It  is  advisable  to  augment 
the  exhaust  during  the  work  by  opening  all  bench  vacuum  cocks. 

Receptacles  lor  contaminated  pipettes  and  other  contaminated  articles 
(buckets,  trays)  are  kept  close  at  hand  and  placed  conveniently  for 
working.  These  receptacles  are  provided  with  a  layer  of  absorbent  cot¬ 
ton  covered  with  disinfectant.  Dripping  from  pipettes  on  their  way  to 
the  receptacle  is  carefully  avoided,  and  pipettes  and  other  articles  are 
deposited  in  the  receptacles  gently  to  prevent  spattering. 

Pipettes  containing  contaminated  material  are  not  blown  out  under 
any  circumstances.  This  applies  to  the  mixing  of  dilutions  as  well  as 
to  quantitative  transfers.  Where  possible,  pipettes  are  drained  between 
graduations.  When  a  pipette  is  drained  completely,  the  tip  is  touched 
to  the  glass  surface  of  tube  or  plate,  and  2  seconds  allowed  for  final 
drainage.  A  pipette  acts  as  an  atomizer  when  the  last  few  drops  are 
blown  out  and  broken  up,  and  also  produces  a  cloud  when  a  continuous 
stream  is  directed  through  the  air  against  a  liquid  or  solid  surface  (25a). 


When  a  drop  of  contaminated  material  falls  on  any  laboratory  sur¬ 
face,  including  a  wet  towel,  the  drop  is  flooded  at  once  with  disinfectant, 
which  is  allowed  to  remain  there  for  at  least  30  minutes. 

The  following  additional  regulation  has  been  strictly  enforced:  “When 
contaminated  material  is  dropped  on  a  skin  surface,  the  area  is  to  be 
flooded  at  once  with  disinfectant,  then  immediately  washed  with  plenty 
of  water,  followed  by  soap  and  water.  If  contaminated  mateiial  is 
introduced  into  the  mouth  or  eye,  it  is  directed  that  the  area  lie  washed 
at  once  with  an  abundance  of  water  only.  It  is  required  that  all  acci¬ 
dents  be  reported  at  once  to  the  medical  officer  of  the  building.”  It 
has  been  noted  previously  that  no  cases  of  infection  occurred  which  could 
be  attributed  to  these  or  other  techniques  of  this  project.  Several 
accidents  involving  contamination  of  skin  or  mucous  membrane  surfaces 
did  occur,  however.  In  accordance  with  Camp  Detrick  safety  regula¬ 
tions,  these  were  reported  to  the  Station  Hospital.  The  individuals 
concerned  received  prompt  prophylactic  treatment  and  remained  tree 

from  symptoms. 


CALCULATIONS 

Nominal  Recovery 

The  value  spoken  of  as  nominal  recovery  (see  Chapter  14) ms 
percentage  of  cloud  recovered  in  terms  of  cloud  sprayed.  I  he  cone 
tration  per  liter  of  cloud  sprayed  is  derived  as: 


the 
oncen- 
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j  concentration  of  suspension  per  ml.  X  ml.  (gm.)  sprayed 

total  airflow  (liters  per  min.)  X  time  of  spraying  (min.) 

The  concentration  per  liter  of  cloud  recovered  is: 

concentration  per  ml.  of  sampler  fluid  X  25 


[2] 


sampler  airflow  (liters  per  min.)  X  time  of  sampling  (min) 
The  nominal  recovery  is  then: 


[3] 


concentration  per  liter  of  cloud  recovered 
concentration  per  liter  of  cloud  sprayed 


X  100 


Concentrations  of  suspension  and  sampler  fluids  per  ml  are  deter¬ 
mined,  foi  cultivable  bacteria  by  plating,  for  dyes  by  colorimetry,  for 
viruses  by  titration  in  animals.  Amount  sprayed  is  measured  in  grams 
by  weighing  the  reservoir  before  and  after  spraying,  and  used  as  ml  on  the 
assumption  ot  a  density  ol  1.  Airflow  through  the  chamber  is  the  total 
of  primary,  secondary,  tertiary  (and,  where  used,  glvcol  vaporizer)  air 
as  measured  on  the  respective  flowmeters.  The  value  25  in  equation  [2  ] 
is  the  total  volume  in  ml  of  sampler  fluid.  Sampler  airflow  is  deter¬ 
mined  by  calibration  of  the  individual  sampler,  acting  as  a  critical 
orifice,  against  a  wet-test  meter. 

Total  Recovery 

Determinations  of  total  recovery,  like  those  described  with  phenol  red 
in  (  haptei  14,  involve  certain  calculations  in  addition  to  those  just 
given.  Concentration  of  cloud  sprayed  is  estimated  in  the  same  wav 
but  an  additional  value,  ambient  cloud,  nmy  be  derived  as: 

^  tota*  cloud  minus  impingement  losses 

r,ml, x  “ 

from  surfaces  in  the  reC0Vered 

Total  recovery  is  determined  with  the'aiT  7 ,hechan;ber 
operated  during  successive  interval  ti  i  '  ° ,a  Ser!es  of  samPlers 
tion  and  for  an  interval  of  min-.,  t’  "|0"R  '“ut  the  Period  of  atomiza- 
must  also  betaken  into  account  ‘  "  ""K,hercafter-  Impingement  losses 
as  a  total,  or  as  T‘  8pra^ is  k™'™ 

entire  period  of  spraying  the  <■  eomcntiation  per  liter, duringthe 
similar  terms  Thus  if  r  <  ,ncen  t;lllon  recovered  is  expressed  in 

^ringrX^“^rr  X . .  ^  S?mple™ 

air  were  known  to  have  been  delivered  ihTlnTdlschlS  froTthe 
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chamber  during  that  interval,  the  amount  recovered  would  be  expressed 
as  oOO.r.  1  he  total  recovered  is  then  obtained  as  the  sum  of  amounts 
recovered  during  successive  intervals. 

Nominal  recovery  is  calculated  in  the  usual  way  as  the  percentage  of 
cloud  recovered  per  liter  at  the  plateau  level  in  terms  of  cloud  sprayed 
per  liter  (equation  [3]).  This  value  is  about  87  per  cent  for  phenol  red 
(Chapter  14),  apparently  a  maximum  under  the  best  conditions  used  in 
this  work.  Recovery  might  also  be  expressed  in  terms  of  total  cloud 
recovered  as  a  percentage  of  ambient  cloud  sprayed  (equation  [4]) 


TABLE  1 


Average  Values  for  Respiratory  Volume  of  Various  Species* 


Species 

Data  from  Herbert 

Data  from  Guyton  (17) 

and  Henderson  (20) 

Tracheal  Valve 
Method 

Oscilloscopic 

Method 

Aloiisfi  . 

ml  per  minute  per 
gram  body  weight 

1.1 

ml  per  minute  per 
gram  body  weight 

0.94 

ml  per  minute  per 
gram  body  weight 

1.25 

Hamster . 

Whit, ft  Rat  . 

0.50 

0.72 

0.69 

0.69 

flnt.tnn  Rat,  . 

0.50 

mhnftfl.  Ritr  . 

0.51 

0.34 

0.35 

TJfiM'nt,  . 

0.33 

0.40 

Mnnkpv  . 

0.29 

0.32 

T)oiT  . 

0.1S 

. 

0.16 

0.14 

0.13 

0.13 

*  Compare  table  7. 


rather  than  total  cloud  sprayed.  With  phenol  red  this  value  approaches 
100  per  cent. 

Animal  Dosage 

Calculation  of  the  respiratory  dosage  of  animals  exposed  to  infective 
clouds  has  been  based  on  impinger  recovery  values  and  on  the  data  or 
respiratory  volume  given  in  table  1.  Where  several  values  lor  the  same 
species  are  given,  the  one  in  italics  has  been  chosen  for  use,  m  v  lev  of  the 
greater  of  the  direct  oscilloscopic  method  as  described  by 

Guyton  (17).  Dosage  is  estimated  lor  each  animal  in  a  gioup  o 
average  weight  of  the  animals  and  from  the  cloud  concentration  recov- 
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ered,  expressed  for  this  purpose  in  milliliters  rather  than  liters.  Dosage 
is  thus: 

[5]  Cloud  concentration  per  ml.  X  minute  volume  in  ml.  per  gm.  X  body  weight 

in  gm.  X  exposure  interval  in  min. 

For  animals  exposed  by  the  single-dose,  multiple  group  method,  where 
the  exposure  extended  through  the  period  of  atomization  to  include  a 
period  of  airwashing,  the  exposure  interval  is  estimated  as  the  atomizer 
time,  on  the  basis  given  in  Chapter  14. 


Predetermination  of  Dosage 

In  practice  it  is  commonly  desired  to  set  the  conditions  for  a  run  in 
advance  so  that  animals  may  be  exposed  to  predetermined  dosages  of 
agent.  If  other  conditions  are  known  or  are  set  arbitrarily,  it  is  pri¬ 
marily  necessary  for  this  purpose  to  determine  the  concentration  of 
agent  to  be  used  in  the  atomizer  reservoir.  This  value  can  be  obtained 
by  working  backward  from  the  data  given  above,  within  limits  of  ac¬ 
curacy  imposed  chiefly  by  the  degree  to  which  nominal  recovery  can  be 
estimated  in  advance.  The  average  weight  of  the  animals  must  be 

known.  1  he  (required)  cloud  concentration  recovered  is  first  estimated 
as  equal  to: 


[6] 


dosage  required 


X  1000 


minute  volume  X  body  weight  X  time 

these  quantities  being  represented  by  the  units  used  above.  The  factor 
ol  1000  is  used  to  obtain  cloud  recovered  per  liter.  This  value  is  then 
app  led  m  the  following  equation  for  concentration  to  be  sprayed: 

[7]  yigamsmsjier  liter  of  cloud  recovered  X  total  airflow  X  100 

nomimal  recovery  X  fluid  flow 

where  total  airflow  is  expressed  in  liters  per  minute  and  fluid  flow  repre 
sents  the  output  ot  the  atomizer  to  be  used  in  grams  per  minute. 
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PRECISION  OF  THE  METHODS 


I  HE  OVERALL  ERROR 


rf  one  considers  the  methods  described  in  tbic  t 

and  measurement  of  clouds,  for  exposurefof  animals^nd^eterminatlon^ 
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respiratory  dosage,  and  for  calculation  of  cloud  concentration  and 
lecovery,  as  one  overall  method,  a  precise  estimation  of  the  experimental 
error  of  the  method  is  obviously  a  difficult  undertaking.  Since  the 
method  is  essentially  quantitative,  an  attempt  at  such  an  estimation 
must  nevertheless  be  made.  I  nlike  established  methods,  for  example 
in  analytical  chemistry,  these  cloud  chamber  methods  are  new.  They 
have  not  had  the  benefit  of  experience  extensive  enough  to  permit  satis¬ 
factory  statistical  evaluation  of  all  component  errors  and  of  the  cumula¬ 
tive  error.  Experience  has  shown,  on  the  other  hand,  that  by  careful 
attention  to  all  details  the  error  can  be  kept  within  bounds  that  amply 
justify  the  quantitative  approach  and  promise  greater  precision  with 
increasing  experience.  This  statement  may  be  exemplified  with  two 
sets  of  data  showing,  respectively,  (a)  the  reproducibility  of  the  nominal 
recovery  value;  and  (b)  the  relationship  of  infective  response  in  animals 
to  calculated  respiratory  dosage. 


Reproducibility  of  the  Nominal  Recovery  Value 

The  data  in  table  2  are  offered  as  representative  of  groups  of  runs  done 
under  essentially  comparable  conditions  with  a  vegetative  bacterial 
agent.  The  first  set  was  obtained  with  the  2|x5  inch  mixing  chamber 
(Chapter  11),  using  three  different  Chicago  atomizers.  The  second  set 
was  done  with  the  one  inch  mixer,  using  two  atomizers.  The  other 
major  variables  were  airflow,  fluid  flow,  relative  humidity,  and  the 
concentration  of  agent  in  the  spray  reservoir.  Airflow,  estimated  from 
the  flowmeters,  varied  in  accordance  with  atomizer  characteristics. 
The  relatively  wide  variation  in  atomizer  fluid  flov  in  the  hist  set  of 
data  was  due  in  part  to  the  use  of  different  atomizers,  but  also  reflects 
the  variability  of  atomizer  output  inherent  in  the  method.  Variation 
in  relative  humidity  is  a  function  of  variation  in  air-  and  fluid-flow,  and 
doubtless  reflects  hidden  errors  in  the  airflow  estimates.  The  titre  of 
the  suspension  sprayed  was  varied  deliberately  to  obtain  clouds  within 
desired  limits  of  concentration.  The  overall  variability  of  the  nomina 
recovery  is  found  to  be  ±8  per  cent  in  the  first  group  and  ±11  per  cent 
in  the  second.  These  values  are  not  markedly  in  excess  of  the  error  of 
±  4.8  per  cent,  estimated  in  another  way,  obtained  with  phenol  red  in  a 
total  recovery  experiment  (Chapter  14). 

Variability  of  the  Infection-Dosage  Relationship 

Since  most  of  this  work  has  been  concerned  with  such  problems  as  the 
stabilkzatkm  of  infective  agents  during  spraying,  and  w,th  challenge 
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experiments  for  tests  of  vaccines,  few  data  bearing  on  the  question  of  the 
overall  error  are  available.  Those  given  in  tables  3  and  4  have  been 
selected  as  most  amenable  to  treatment  for  this  purpose.  In  each 
instance  they  represent  all  data  available  when  this  analysis  was  made 
on  exposure  of  normal  animals  to  the  agent,  within  limits  of  dosage  that 
produced  an  infective  response  and  a  countable  number  of  pulmonary 


TABLE  2 

Reproducibility  of  the  Nominal  Recovery  with  Brucella  suis  in  Two  Series 
Suspensions  in  5  per  cent  dextrin  in  distilled  water,  sprayed  with  Chicago  atom¬ 
izers.  Cloud  collected  in  impingers  each  containing  25  ml.  of  tryptose  saline*  + 
4  drops  of  olive  oil.  Counts  made  in  poured  plates  of  Bacto  tryptose  agar  in¬ 
cubated  72  hours  at  37  C. 


Run  No. 

At¬ 

omizer 

No. 

Mixer 

Air-flow 

Fluid 

Flow 

R.H. 

Titer  of  Suspen¬ 
sion  Sprayed 

Nominal 

Recovery 

Deviation 
(Average 
±  *) 

BIO. 3 

B11.3 

B13.3 

DB1.2 

DB1.3 

18 

18 

32 

29 

29 

inches 

2  h 

91 

^2 

21 

91 

21 

^2 

liters  per 
min. 

90.5 

90.5 
88.1 

84.6 

84 . 6 

gtn.  per 
min . 

1.13 

1.01 

0.73 

0.83 

1 .06 

per  cent 

44 

54 

45 

35 

38 

organisms/ml. 

4.0  X  108 

7.9  X  107 
3.0  X  108 
4.5  X  104 

4.9  X  104 

per  cent 
(*) 

11.2 

13.4 

10.5 
13.2 
12.0 

0.9 

1.3 

1.6 

0.9 

0.1 

Averages 

12.1 

1.0 

B14.4 

B15.4 

B16.2 

B16.3 

B17.2 

32 

32 

32 

32 

24 

1 

1 

1 

1 

1 

89.5 

89.5 

89.7 

89.7 

89.8 

0.69 

0.72 

0.73 

0.80 

0.77 

52 

49 

48 

47 

48 

1.6  X  108 

2.8  X  108 
3.0  X  104 

6.8  X  104 
4.5  X  107 

14.8 
17.1 
13.3 

13.8 
11.6 

0.7 

3.0 

0.8 

0.3 

2.5 

Averages 

14.1 

1.5 

Bacto  tryptose,  0.1  per  cent;  NaCl,  0.5  per  cent. 

— 

in  °t  words-  ^  *>  -<* 

thM  ^  ^n^3tive  resiilts  with 
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magnitude,  although  not  precisely  known,  is  probably  greater  than  that 
ot  counting  bacteria,  is  included  with  all  the  accumulated  errors  of  the 
cloud  chamber  proper  in  the  calculated  dosage  values.  The  infective 
response  values  include  the  additional  errors  of  individual  animal  vari¬ 
ability  both  in  respiratory  volume  and  in  susceptibility  to  infection, 
errors  made  prominent  in  these  experiments  by  the  small  size  of  the 
animal  groups.  The  overall  error  of  55  or  56  per  cent  does  not  seem 
excessive  under  these  circumstances.  It  seems  of  interest  that  within 

TABLE  3 


Relationship  of  Infective  Response  in  Mice  to  Calculated  Respiratory  Dose  of 

M e  nin  gopne u  monitis  Vi r  us 


Run  No. 

Number  of 
Animals 

Calculated 

Dose 

Average 
Number  of 
Pulmonary 
Lesions 

(*) 

Ratio  of  Dose 
to 

Response 

Deviation 
(Average  ±  x ) 

A1.2 

4 

i.c.  LDto 

4 

0.3 

13 

47 

A2.  la 

4 

65 

1.5 

43 

17 

A5.2a 

4 

70 

0.8 

88 

28 

A3 

23 

140 

1.1 

127 

67 

A2.1b 

4 

160 

4.0 

40 

20 

A5.2b 

4 

180 

1.5 

120 

60 

A6.2 

22 

200 

6.9 

29 

31 

A2.1c 

4 

330 

8.8 

38 

22 

A5.2x 

4 

250 

6.3 

56 

4 

A6.1 

15 

350 

16.9 

21 

39 

B8.1 

12 

380 

14.7 

26 

34 

A4 

12 

3900 

44.4 

88 

28 

B8.2 

12 

7100 

75.9 

94 

34 

Averages 

60 

33 

—  x  100  =  55  per  cent 
60 


the  series  B5  with  psittacosis  virus,  included  in  table  4,  the  four  runs, 
done  with  larger  groups  of  animals  than  the  others,  showed  little  varia¬ 
tion  among  themselves  or  from  the  average  dose:  response  ratio  of  the 
entire  group.  These  data  may  be  compared  with  those  given  in  Sec¬ 
tion  V. 

INDIVIDUAL  SOURCES  OF  ERROR 

The  foregoing  discussion  suggests  that  it  may  be  useful  to  list  the 
principal  individual  sources  of  error  in  the  cloud  chamber  me  o  as  y 


EQUIPMENT  AND  METHODS 


67 


have  been  indicated  by  experience,  and  to  attempt,  in  so  far  as  present 
experience  permits,  to  assess  their  relative  importance.  The  sources  ot 
error  include  the  following: 


Errors  of  Measurement 

These  include  errors  of  (a)  weighing,  (b)  timing,  and  (c)  dilution  and 
titration. 

Errors  of  Weighing.  Weighing  is  used  for  reservoirs  containing  sus¬ 
pensions  before  and  after  spraying,  and  for  animals  to  be  exposed  to 


TABLE  4 


Relationship  of  Infective  Response  in  Mice  to  Calculated  Respiratory  Dose  of 

Psittacosis  Virus 


Run  No. 

Number  of 
Animals 

Calculated 

Dose 

Average 
Number  of 
Pulmonary- 
Lesions 

(x) 

Ratio  of  Dose 
to 

Response 

Deviation 
(Average  ±  x ) 

i.c.  LDbo 

Bl.lb 

4 

6 

1.2 

5 

13 

Bl.lc 

4 

12 

0.8 

15 

3 

B3.3a 

3 

6 

10.0 

1 

17 

B3.3b 

4 

15 

15.2 

1 

17 

B5.1 

29 

10 

0.4 

25 

B5.2 

30 

24 

1.0 

24 

6 

B5.3 

29 

72 

4.0 

18 

o 

B5.4 

B7.1 

30 

12 

39 

94 

1.7 

9.3 

23 

10 

5 

s 

Bl.2a 

3 

400 

18.0 

22 

4 

B 1 . 2b 

4 

1000 

26.0 

39 

91 

Bl .  2c 

4 

2000 

61.0 

33 

15 

Averages 

18 

10 

10 

—  X  100  =  56  per  cent 


weight  per  animal  is  used  to 
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a  function  oi  variation  and  may  be  considerable.  This  error  is  related 
to  that  of  respiratory  volume,  which  is  considered  below. 

Errors  of  Timing.  Timing’  ot  periods  of  atomization  and  sampling  is 
pei formed  by  stopwatch  with  an  error  of  less  than  1  second  in  periods  of 
o  minutes  or  more.  In  spite  ot  the  fact  that  both  atomizers  and  capil¬ 
lary  impingers  show  a  lag  in  cutoff  (not  more  than  3  or  4  seconds)  as 
atmospheric  pressure  is  re-established,  neither  error  seems  significant. 

1  iming  of  intervals  of  animal  exposure,  on  the  other  hand,  may  entail  an 
error  as  large  as  8  per  cent  (in  multiple-dose  runs,  as  noted  above).  The 
error  of  timing  in  most  of  the  exposure  methods  is,  however,  well  below 
this  value. 

Errors  oJmDi  lution  and  Titration.  Estimation  of  the  concentration  of 
cultivable  bacteria  by  dilution  and  plating  is  a  potential  source  of  large 
errors,  and  a  special  effort  has  been  made  in  this  work  to  reduce  these 
errors  by  refinement  of  the  method  and  close  attention  to  technical 
details.  The  procedure  used  has  been  given  previously.  Two  sets  of 
data,  obtained  by  this  procedure,  are  presented  here  as  representative 
of  the  error  of  a  poured  plate  and  a  streaked  plate  operation,  respectively. 
These  are  given  in  tables  5  and  6.  In  the  poured  plate  count,  done  with 
Brucella  suis,  the  two  reservoirs  were  averaged  separately  on  the  assump¬ 
tion,  based  on  other  data,  that  a  significant  increase  in  concentration 
occurred  during  the  spraying  interval.  In  the  streaked  plate  count, 
with  Malleomyces  pseudomallei ,  the  two  reservoirs  were  considered  to  be 
alike  and  treated  as  one.  In  the  latter  instance,  as  indicated  in  table  G, 
one  plate  was  discarded  because  its  count  deviated  from  the  average  by 
more  than  four  times  the  average  percentage  error.  The  average  errors 
obtained  in  these  two  series,  5.8  per  cent  for  the  poured  plate  count  and 
8.2  per  cent  for  the  streaked  plate  count,  are  considered  acceptable. 
As  would  be  expected,  the  streaked  plate  method,  which  must  be  used 
with  bacterial  species  that  do  not  grow  well  beneath  the  agar  surface,  is 

less  precise  than  the  poured  plate  method. 

It  is  noted  above  that  analogous  data  on  the  precision  of  virus  titra¬ 
tions  in  animals  are  not  available. 

Errors  of  Assumption  and  Calibration 

An  additional  group  of  errors  include  those  incident  to  the  use  ot 
values  accepted  as  constants  on  the  basis  of  initial  measurement  or 
calibration:  (a)  the  fluid  flow  of  atomizers;  (b)  airflow  values  based  on 
flowmeters;  (c)  airflow  of  impingers;  (d)  other  errors  of  sampling;  and 
(e)  errors  based  on  averages  for  respiratory  volume  of  animals. 
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%  Fluid  Flow  of  Atomizers.  Atomizer  fluid  flow  has  not  been  found 
controllable  except  within  relatively  wide  limits,  chiefly  because  primary 
airflow  has  not  been  subject  to  adequately  precise  control  or  measure¬ 
ment.  In  practice  this  lack  of  control  has  not  appeared  serious,  since 


TABLE  5 

Average  Percentage  Error  of  a  Representative  Poured  Plate  Count 
Brucella  suis  run  B21.1.  Volume  plated,  1  ml. 


Sample 


Reservoir 

before 

spraying 


Reservoir 

after 

spraying 


Impinger 

55 


Impinger 

64 


Dilution  Plated 


5  X  104 


105 


5  X  104 


105 


5  X  101 


102 


5  X  101 


102 


Actual 

Counts 

(x) 


129 

122 

59 

63 


142 

144 

65 

79 


175 

145 

75 

82 


14S 

166 

71 

66 


Averages* 


123.  S 


61.9 


Deviations 
(Averages 
±  *) 


143.6 


71. S 


5.2 

1.8 

2.9 

1.1 


148.4 


79.2 


1.6 

0.4 

6.8 

7.2 


152 


26.6 

3.4 

4.2 

2.8 


4 
14 

5 
10 


A verage 


Deviation 

Average 


X  100 


4.2 

1.5 

4.7 

1.8 


1.1 

0.3 

9.5 

10.0 


17.9 

2.3 

5.3 
3.5 


2.6 

9.2 

6.6 

13.2 


5.8 


Averages  are  based  on  all  plates  made  fnr  0  i  ,, 
samples  being  considered  separately.  sample,  the  two  reservoir 

“•*  K  :£zz^  srrtss  -  * 

Airflow  as  Measured  by  Flowmeters  Flou-motn  \  \ 

unde,-  the  conditions  of  use.  and  checked  at  least  once^nst'stlndarf 
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TABLE  6 

Average  Percentage  Error  of  a  Representative  Streaked  Plate  Count 

M.  pseudomallei  run  B14 


Sample 

Dilution 

Plated 

Volume 

Plated 

Actual 

Counts 

(*) 

Averages* 

Deviations 
(Averages 
±  *) 

Deviations  10Q 
Average 

1: 

ml. 

Reservoir 

102 

0.1 

266 

284 

18  ' 

6.3 

before 

258 

26 

9.2 

spraying 

5  X  102 

0.1 

5S 

56.8 

1.2 

2.1 

57 

0.2 

0.3 

Reservoir 

102 

0.1 

326 

284 

42 

14.8 

after 

320 

36 

12.7 

spraying 

5  X  102 

0.1 

59 

56.8 

2.2 

3.9 

50 

6.8 

12.0 

Impinger 

0 

0.1 

51 

51.7 

0.7 

1.4 

114 

56 

4.3 

8.3 

0 

0.2 

100 

103.4 

3.4 

3.3 

90 

13.4 

12.9 

0 

0.5 

232 

258.5 

26.5 

10.3 

310 

52.5 

20.4 

Impinger 

0 

0.1 

42 

42.1 

0.1 

0.2 

116 

43 

0.9 

2.1 

0 

0.2 

74 

84.2 

10.2 

12.1 

81 

3.2 

3.8 

0 

0.5 

350  (c 

iscarded) 

225 

200.5 

24.5 

12.2 

Average 

8.2 

*  Averages  are  based  on  all  plates  made  for  the  sample,  the  two  reservoir 
samples  being  considered  as  one. 


orifices  or  wet-test  meters,  which  themselves  have  been  subjected  to 
repeated  mutual  checks.  The  calibration  itself  is  considered  adequate, 
but  errors  arise  in  the  use  of  flowmeters  from  other  sources.  Flowmeters 
calibrated  over  a  useful  range  of  airflow  are  apt  to  be  insufficiently 
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sensitive  to  small  changes  within  that  range;  and,  what  seems  more 
significant,  the  air  pressure  regulating  apparatus  available  has  not  been 
found  adequate  to  prevent  fluctuations  in  pressure  and  therefore  in  air¬ 
flow  during  the  course  of  a  run.  The  attempt  has  been  made  to  maintain 
the  desired  rates  of  flow  by  constant  manipulation  of  the  air  valves. 
Fluctuations  were  corrected  as  rapidly  as  possible,  but  no  alternative 
has  been  available  other  than  to  accept,  as  the  actual  flow  through  the 
system,  that  initially  set  and  maintained  as  far  as  possible.  The  magni¬ 
tude  of  the  resulting  error  is  not  known.  More  efficient  air  pressure 
regulation  could  be  expected  to  minimize  or  eliminate  it,  and  would  at 
the  same  time  greatly  simplify  operation  of  the  cloud  chamber. 

TABLE  7 


Variability  in  the  Respiratory  Volume  of  Laboratory  Animals 
Data  from  Guyton  (17) 


Species 

Number 

Tested 

Method 

Respira¬ 

tory 

Average 

Devia- 

Greatest  Deviation 

Volume 

tion 

+ 

- 

Mice . 

56 

Oscilloscopic 

ml.  /min./ 

gm. 

average 

1.25 

Per  cent 

14.4 

Per  cent 

45.5 

per  cent 

43.2 

Hamsters . 

65 

Oscilloscopic 

0.685 

22.6 

60.6 

50.4 

Guinea  pigs . 

61 

Oscilloscopic 

0.348 

17.8 

55.1 

39.2 

Rabbits . 

31 

Tracheal  valve 

0.402 

18.9 

71.0 

32.6 

Cotton  rats . 

27 

Oscilloscopic 

0.498 

10.8 

24.5 

25.3 

White  rats . 

32 

Oscilloscopic 

0.690 

26.7 

84.0 

42.9 

Air-flow  of  Impingers.  Capillary  impingers  act  as  critical  orifices 
so  that  once  they  are  adequately  calibrated  individually,  the  rate  of  air¬ 
flow  through  them  may  be  accepted  as  constant.  Repeated  calibration 
of  impingers,  operated  separately  or  in  parallel  combinations,  has  shown 
>at  then  airflow  is  actually  constant  well  within  the  limit  of  measure- 
men  ,  on  a  wet-test  meter.  Impingers  cannot  be  run  in  series  without 
reducing  their  characteristic  flow  rates.  It  is  of  course  essential  that 
the  capillary  be  thoroughly  clean.  These  conditions  being  met  in, 

1  ngei  airflow  is  not  regarded  as  an  important  source  of  error 
errors  of  Sampling  in  General.  The  exnerimontM  ,u*n 

tz  r the 

A»ermSf«r  Respiratory  Volume  of  Animals.  That  the  use  of  average 
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values  for  minute  volume  (ml.  per  gram)  in  estimation  of  respiratory 
dosage  entails  a  major  error  is  indicated  by  the  data  in  table  7.  Guyton 
(17),  whose  averages,  obtained  by  direct  measurement  with  a  sensitive 
and  precise  instrument,  are  accepted  and  used  as  the  best  available, 
himself  emphasizes  the  finding  that  the  relationship  of  respiratory 
volume  to  body  weight  in  a  given  species  is  subject  to  marked  variation. 
The  data  given  indicate  that  the  tidal  air  of  an  average  animal  may 
deviate  10  to  20  per  cent  or  more  from  the  mean  value,  and  that  indi¬ 
vidual  animals  may  deviate  from  this  value  as  much  as  50  to  80  per  cent. 
It  is  probable,  moreover,  that  any  given  animal  may  exhibit  variations 
of  similar  magnitude  from  one  time  to  another.  In  the  absence  of  a 
method  for  direct  measurement  of  air  turnover  of  animals  during  the 
actual  period  of  exposure  to  an  infective  cloud,  this  error  appears  to  be 
unavoidable.  It  is  clear  that  large  groups  of  animals  should  be  studied 
to  minimize  the  error  statistically.  It  may  be  noted  that  the  method  of 
exposure  employed  in  this  work,  in  which  the  animals  are  not  constrained 
and  presumably  breath  normally,  is  probably  less  inaccurate  than  those 
in  which  the  animal  is  held  while  his  snout  is  exposed  through  a  dia¬ 
phragm  (18). 

SUMMARY  OF  SECTION  II 

The  cloud  chamber  building  at  Camp  Detrick  consists  of  two  experi¬ 
mental  units  separated  by  a  central  corridor  and  an  inside  service  area. 
In  the  front  of  the  building  are  offices,  and  a  system  of  locker  rooms  with 
showers  and  latrines  used  for  entrance  to  and  exit  from  the  central 
working  area.  At  the  rear  are  rooms  for  processing  animal  boxes  and 
glassware,  a  room  for  general  maintenance  equipment,  and  a  refuse  in¬ 
cinerator  room.  The  glassware-processing  room  (kitchen)  is  an  outside 
room,  separated  from  the  rest  ot  the  building  by  an  airlock  with  ultra¬ 
violet  curtains  on  both  doors.  This  airlock  also  serves  as  a  stockroom 
for  sterile  equipment. 

Each  of  the  two  chamber  rooms  is  approached,  from  its  preparation 
laboratory  or  from  the  corridor,  through  an  airlock  and  a  decontamina¬ 
tion  room  in  series,  and  from  its  animal  room  through  a  small  raised  air¬ 
lock  used  for  transferring  animal  boxes  only.  Each  chamber  room- 
decontamination  room-animal  airlock  suite  is  completely  enclosed  and 
provided  with  special  safeguards:  each  of  these  rooms  can  be  hosed  down 
completely;  a  system  of  warning  lights  guards  against  establishment  ol 
an  open  passage  between  the  chamber  room  and  other  areas;  and,  the 
room  air  from  the  entire  suite  is  exhausted  through  a  separate  duct 
system  to  an  air  incinerator  behind  the  building. 


EQUIPMENT  AND  METHODS 


73 


The  cloud  chamber  proper  is  an  airtight  stainless  steel  shell  provided 
with  a  sight  glass,  two  long  rubber  gloves,  and,  at  one  end,  an  airlock 
made  of  8  inch  tubing.  Accessory  devices  are  arranged  so  as  to  incor¬ 
porate  a  completely  closed  system.  Airlines  enter  the  chamber  from  a 
compressor  through  filters,  control  valves  and  flowmeters.  One  of  these 
passes  through  driers  or  a  humidifier,  or  both.  The  exhaust  for  the 
chamber  and  for  sampling  lines  passes  through  valves  to  a  vacuum  pump 
and  thence  to  the  air  incinerator.  Steam  under  15  pounds  pressure  is 
piped  to  the  chamber  so  that  it  can  be  led  into  all  parts  of  the  system. 
Atomizer  and  sampling  devices  are  contained  within  the  chamber  during 
operation. 

Special  animal  storage  boxes  and  transfer  boxes  are  arranged  so  that 
they  can  be  attached  to  the  chamber  airlock,  or  to  one  another,  as  parts 
of  the  closed  system.  While  in  use  these  boxes  are  ventilated  continu¬ 
ously  on  a  separate  vacuum  line  which  is  exhausted  to  the  air  incinerator. 

1  he  chamber  system  is  tested  for  leakage  routinely  under  air  pressure. 
Additional  safety  tests  have  been  performed  as  blank  animal  runs  with  a 
spore-bearer,  Bacillus  globigii ,  with  satisfactory  results. 

Four  or  five  men  are  needed  to  operate  a  chamber  in  the  more  elaborate 
pi  ocedures  involving  animals.  One  works  in  the  chamber  proper 
tin ough  its  gloves.  Another  mans  the  control  panel,  balancing  air  input 
against  vacuum  exhaust.  Two  others  work  respectively  at  the  separate 
aii  lock  controls  and  with  the  animal  boxes,  cooperating  in  the  attach¬ 
ment  and  removal  of  the  latter  from  the  airlock.  A  fifth  may  operate 
samplers  with  the  aid  of  external  controls.  The  panel  operator  serves  as 
timekeeper,  and  the  whole  operation  involves  teamwork  on  a  predeter¬ 
mined  schedule.  Safe  means  for  removal  from  the  chamber  of  materials 
that  cannot  be  sterilized  (atomizer  reservoir,  samplers  and  animals) 
have  been  devised.  At  the  end  of  a  run  the  chamber  and  associated 
parts  are  sterilized  with  steam  at  15  pounds  pressure 

Detailed  procedures  are  given  for  simple  runs  without  animals;  for 
the  exposure  of  single  groups  of  animals  to  a  single  dose;  for  two-dose 
mils,  for  runs  in  which  larger  groups  of  animals,  which  may  be  of  several 
species,  are  exposed  simultaneously  to  one  .lose;  and  for  a  multiple-dose 

XfoT S*  t0ral',gr°UPS  "f  « . .  and  ZJZ 
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tracer;  and  for  the  measurement  of  the  particle  size  distribution  of 
clouds. 

Standard  methods  lor  the  preparation  of  dilutions,  and  for  plating 
and  counting  cultivable  bacteria  in  suspension  and  sampler  fluids,  have 
been  refined  to  increase  their  precision  and  to  insure  their  safety  for  use 
with  highly  infective  agents  capable  of  being  air-borne.  Details  of  these 
refinements  are  given. 

Equations  are  given  for  calculation  of  the  percentage  of  cloud  recov¬ 
ered  in  terms  of  cloud  sprayed  (nominal  recovery,  total  recovery),  and 
for  calculation  of  animal  dosage  from  experimental  data,  as  well  as  for 
the  concentration  required  in  the  spray  reservoir  for  a  predetermined 
dosage. 

An  attempt  is  made  to  assess  the  overall  error  of  the  cloud  chamber 
method  as  a  whole,  in  terms  of  reproducibility  of  the  nominal  recovery 
and  of  variability  of  the  infection-dosage  relationship.  An  error  of  8 
to  1 1  per  cent  is  estimated  for  runs  without  animals,  and  an  overall  error 
of  about  55  per  cent  is  estimated  as  a  probable  maximum  lor  animal 
runs  with  viruses,  to  which  refined  methods  of  titration  have  not  been 
applied.  Among  apparently  significant  individual  sources  of  errors  in 
runs  with  bacterial  agents,  those  incident  to  the  weighing  of  animals  in 
groups,  to  fluctuations  in  airflow,  and  particularly  to  the  use  ol  average 
values  for  the  tidal  air  of  animals,  appear  to  be  most  important. 


Section  III 

Criteria  for  the  Selection  of  an  Atomizer  for  the 
Production  of  Clouds  of  Labile  Agents 

7 

ATOMIZERS  IN  GENERAL 

The  production  of  clouds  of  infective  agents  under  controllable  condi¬ 
tions  is  fundamental  to  experimental  studies  of  air-borne  infection. 
Since  important  characteristics  of  the  cloud  are  determined  by  the 
device  used  to  produce  it,  the  problem  of  atomizer  performance  in 
relation  to  design  deserves  careful  study.  Two  aspects  of  this  problem 
may  be  distinguished:  the  dynamics  of  atomizers  in  general,  and  the 
particular  question  of  the  atomization  of  labile  particles.  Even  on  the 
first  aspect  the  information  available  is  not  abundant;  while  with  respect 
to  the  second,  only  scattered  data  are  known  to  exist.  Comparative 
quantitative  studies  of  atomizers  as  they  are  used  in  experimental  studies 
of  air-borne  infection  do  not  seem  to  have  been  undertaken  outside  of 
this  laboratory. 

Atomizers  are  devices  used  to  produce  a  continuous  stream  of  finely 
divided  particles  or  droplets  from  a  liquid  suspension  or  solution.  All 
true  atomizers  produce  a  spray  or  cloud  by  mixing  one  or  more  jets  of 
a  liquid  with  a  relative  excess  of  air  or  other  gas  at  moderate  or  high 
velocity,  in  such  a  way  as  to  break  up  the  liquid  into  small  droplets. 
This  mixing  operation  may  be  performed  in  several  different  ways,  which 

determine  the  design  and  largely  dictate  the  practical  application  of  the 
instrument. 


THE  BASIC  DESIGNS 

Nearly  all  atomizers  may  be  considered  as  variations  of  four  basic 
designs:  (a)  The  most  primitive  form  is  the  direct-spray ,  right  anqle-iet 
atomizer,  exemplified  by  the  “Flit-gun”  and  similar  devices  in  which  a 
stream  oi  air  is  directed  horizontally  across  the  orifice  of  a  vertical  fluid 
aspirator  tube.  Tins  design  is  of  interest  here  only  in  that  it  is  often 
used  as  the  internal  spray  mechanism  of  type  d.  (b)  Direct-smav 
peripheral  air-jet  atomizers  have  a  cylindrical  fluid  jet  surrounded^ 
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usually  concentrically,  by  an  air  jet  which  may  be  cylindrical  or  may 
take  other  forms.  This  is  the  most  common  spray  or  atomizer  design, 
(c)  Direct-spray ,  peripheral  fluid-jet  atomizers  have  the  two  jets  in  posi¬ 
tion  reversed  from  that  of  the  preceding:  a  cylindrical  air  jet  is  sur¬ 
rounded  by  a  concentric  cylindric  fluid  jet.  Such  atomizers  have  only 
limited  application,  (d)  “ Nebulizers ,”  or  indirect-spray  or  internal-jet 
atomizers  pioduce  a  spray  within  an  enclosed  chamber;  a  low  velocity 
cloud  of  finely  divided  particles  is  then  floated  through  an  orifice  placed 
out  of  direct  reach  of  the  spray;  hence  the  name  “nebulizer.”  Varia¬ 
tions  of  this  design  constitute  an  important  group  within  the  field  of 
medicinal  atomizers,  and  have  been  used  almost  exclusively  in  experi¬ 
mentation  on  air-borne  infection  by  previous  workers. 


MEANS  OF  INDUCING  FLUID  FLOW 

Atomizer  air  or  gas  flow  depends  on  direct  input  pressure,  but  fluid 
flow  may  be  induced  in  three  ways:  (a)  By  gravity .  A  fluid  reservoir 
is  placed  above  its  connection  to  the  fluid  jet,  whose  orifice  may  be 
controlled  by  a  needle  valve  to  regulate  the  flow  of  fluid.  Two  applica¬ 
tions  of  the  gravity-feed  principle  in  commercial  practice  are  in  the 
artist’s  air  brush  and  in  certain  nasal  sprays  devised  to  administer 
small  measured  doses  of  drugs  such  as  ephedrine.  In  both  instances  the 
fluid  reservoir  is  attached  directly  to  the  instrument  and  is  very  small, 
(b)  By  pressure.  Paint  sprays  with  fluid  forced  into  the  fluid  line  by 
pressure  are  used  where  spraying  of  a  large  amount  of  liquid  is  to  be  done 
out  of  convenient  range  of  the  fluid  reservoir,  e.g.,  several  stories  above 
ground.  A  pressure-feed  atomizer,  using  a  syringe  actuated  by  a  clock 
motor  as  reservoir,  has  been  used  by  Reyniers  (47)  lor  spray  drying  arid 
for  spraying  measured  amounts  ol  fluid.  The  large  Benesch  atomizer 
(7)  used  at  the  University  of  Chicago  Toxicity  Laboratories  is  also 
operated  by  pressure  feed,  with  the  aid  of  a  mercury  column,  to  provide 
sensitive  control  of  fluid  output,  (c)  By  aspiration.  The  great  major¬ 
ity  of  sprays  and  atomizers,  and  all  nebulizers,  operate  on  the  principle 
of  the  Venturi  meter,  whereby  a  jet  of  air,  by  inducing  a  fall  of  pressure 
around  it  as  it  emerges  from  an  orifice,  aspirates  fluid  from  an  orifice 
placed  in  the  low  pressure  area.  Any  of  the  four  basic  designs  may  be 
used  as  suction-feed  atomizers.  Although  the  pressure-feed  principle  is 
considered  potentially  important,  the  data  on  infective  clouds  are  all 
derived  by  the  use  of  aspirating  atomizers,  and  the  following  discussion 
is  therefore  largely  confined  to  this  group. 
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DESCRIPTIVE  DATA  ON  TYPICAL  ATOMIZERS 


Peripheral  Air-Jet  Direct-Spray  Atomizers 

Paint  Sprays.  Within  this  group  are  included  all  commercial  “gas- 
atomizing  nozzles”  used  for  spraying  paint,  lacquer  and  similai  mate¬ 
rials,  for  insecticides,  for  humidification,  and  as  alternate  nozzles  for  oil 
burners  and  for  spray  drying.  These  are  all  relatively  high  capacity 
sprays,  the  minimum  fluid  output  in  the  class  being  about  15  ml  per 
minute.  While  they  emit  sprays  with  a  finer  particle  size  distribution 
than  do  nozzles  that  operate  under  fluid  pressure  alone  (“pressure 
nozzles”),  the  particles  or  drops  produced  with  the  finest  instruments  in 
the  class  range  upward  to  at  least  70  microns  (24).  Such  instruments 
do  not  seem  applicable  for  the  present  purpose.  The  DeVilbiss  spray 
gun  head  may  be  taken  as  typical  of  this  class.  It  conforms  with  the 
direct-spray,  peripheral  air-jet  type,  with  the  nozzle  placed  on  a  pistol¬ 
shaped  mount  with  set  screw  control  for  air  pressure,  and  a  trigger, 
actuating  a  needle  valve  in  the  fluid  feed  line,  for  control  of  fluid  flow. 
A  pair  of  accessory  lateral  air  jets  is  used  to  flatten  the  spray  cone. 
Humidification  nozzles  are  a  closely  related  class  designed  as  fixed 
installations. 

The  Artist's  Air  Brush.  Air  brushes  are  direct-spray,  peripheral  air- 
jet  atomizers  designed  for  lightness  and  easy  manipulation  with  one 
hand.  4  hey  have  very  fine  and  rather  fragile  nozzles,  and  usually 


operate  by  gravity  feed  from  a  small  cup-like  reservoir  placed  above  and 
behind  the  nozzle.  Fluid  flow  is  regulated  by  a  lever  which  operates  a 
needle  val\  e  in  the  fluid  line.  The  smallest  air  brushes  are  roughly  of 
the  size  and  general  shape  ol  a  fountain  pen.  These  are  probably  the 
smallest  diiect-spray  nozzles  made  commercially,  and  although  quan¬ 
titative  data  on  their  performance  are  lacking,  they  might  be  applicable 
to  the  present  purpose.  Yet  it  seems  probable  that  their  advantages 
(small  output,  presumed  fine  particle  size  distribution)  can  be  dupli¬ 
cated  in  instruments  described  below  which  do  not  have  their  disad¬ 
vantages  (fragility,  gravity  feed). 

Peripheral  Air-Jet  Medicinal  Atomizers.  Many  instruments  in  this 
class  have  been  made  available  in  recent  years.  In  some  of  them,  both 
fluid  and  air  jets  are  made  of  plastics;  in  others  the  fluid  line  is  made  of 
silver  plated  brass.  They  operate  chiefly  by  suction  feed,  but  a  gravity- 
feed  atomizer  of  otherwise  similar  design  (DeVilbiss  117)  is  made  for 
spraymg  small  measured  amounts  of  solution.  They  are  intended 
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for  application  of  liquids  to  the  upper  respiratory  mucous  membrane 
in  the  immediate  vicinity  of  the  spray  tip,  and  are  characterized  by  the 
production  ol  rather  coarse  particles. 

DeVilbiss  115.  This  atomizer,  of  which  several  variations  are  made 
is  perhaps  the  most  widely  known  of  the  DeVilbiss  line.  The  internal 
construction  of  the  nozzle  is  shown  in  figure  29.  The  nozzle  and  feed 
lines  are  made  of  brass,  the  fluid  line  in  some  instances  being  silver 
plated  inside.  The  nozzle  proper  is  very  small,  about  3  mm.  wide  and 
deep  and  8  mm.  long.  Two  tapered  recesses  at  the  sides  of  the  base 


accept  the  prong-like  arrangement  of  air  line  and  fluid  line,  the  ends 
of  which  are  sprung  into  the  recesses.  This  design  permits  the  nozzle 
to  be  rotated  in  one  plane  to  change  the  direction  of  spraying.  The 
nozzle  with  the  finest  fluid  jet  made  commercially  seems  to  produce  an 
objectionably  coarse  spray,  but  the  finer  of  two  special  nozzles  made  for 


Figure  29.  Diagram  of  the  nozzle  of  a  DeVilbiss  115  atomizer,  showing 

the  working  parts 

the  writers  by  the  DeVilbiss  Company,  with  a  fluid  jet  of  28  B&S  gauge 
(0.0126  inch  inside  diameter)  seems,  on  the  basis  of  rough  Tyndall-beam 
tests,  to  produce  a  spray  only  slightly  coarser  than  that  of  the  triple-jet 
atomizer,  to  be  described.  Atomizers  of  this  variety  do  not  seem  to  have 
been  tested  in  studies  of  air-borne  infection,  but  may  be  worth  trial. 
Their  brass  or  silver  construction  may  prove  undesirable  because  of 
antibacterial  action  of  both  metals. 

Triple-jet  Atomizer.  Several  models  of  a  peripheral  air-jet.  direct- 
spray  atomizer,  operating  by  suction  feed,  have  been  developed  in  this 
laboratory  and  used  successfully  for  the  production  of  infective  clouds. 
The  final  model  is  shown  in  figure  30,  and  the  design  of  the  nozzle  is 
shown  enlarged  in  figure  31.  The  jets  are  made  of  Luer  stainless  (Alle¬ 
gheny  metal)  needles.  The  central  fluid  jet  is  a  24-gauge  needle,  which 
was  found  under  the  conditions  of  use  to  yield  a  cloud  in  which  discrete 
particles  could  not  be  discerned  in  a  Tyndall  beam,  whereas  such  parti- 
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Figure  30.  The  triple-jet  atomizer,  set  up  with  a  2j  x  5  inch  mixing  chamber 

and  reservoir 


Figure  31.  Nozzle  of  the  triple-jet  atomizer,  enlarged 


cles  were  observed  when  needles  of  larger  size  were  used  It  mav  be 
loted  that  the  24  gauge  needle  has  a  slightly  finer  bore  than  the  2S 
BiS  gauge  thud  ,et  on  the  special  DeVilbiss  1,5  atomizer  described 
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alxn  e.  1  he  three  air  jets  are  made  of  18  gauge  needles,  bent  at  their 
bases  and  arranged  around  the  fluid  jet  so  that  the  three  air  streams 
are  focused  m  the  axis  of  the  fluid  jet.  By  trial  with  a  water  manometer 
attached  to  the  input  end  ot  the  fluid  line,  it  was  found  that  the  maximum 
pressure  drop  occurs,  as  might  be  expected,  when  the  fluid  orifice  is 
placed  at  the  focal  point  or  vertex  of  the  three  air  streams.  Increased 
aspiration  was  obtained  by  bevelling  the  air  orifices  toward  the  axis, 
apparently  by  shortening  and  therefore  concentrating  the  focal  area.’ 
The  last  ot  several  triple-jet  atomizer  models  to  be  made  available  has  a 
bi ass  ail  line  and  a  stainless  steel  fluid  line.  Preliminary  particle-size 
measurements  with  this  instrument  showed  it  to  produce  a  cloud  of 
Solatia  marcescens  from  water  suspension  ranging  in  particle  size  up  to 
about  10  microns,  with  about  90  per  cent  of  particles  about  4  microns 
in  diameter  or  less.  This  atomizer  was  employed  in  early  experiments 
in  this  work,  but  was  later  supplanted  by  Chicago  atomizers. 

Chicago  Atomizer.  These  are  laboratory-built  atomizers,  made  of 
Pyrex  glass  throughout,  conforming  with  the  peripheral  air-jet  direct- 
spray  pattern  and  operating  by  suction  feed.  On  the  basis  of  tests  to  be 
described  they  have  been  adopted  for  routine  use  in  this  study.  Early 
models  were  patterned  after  instruments  used  at  the  University  of 
Chicago  Toxicity  Laboratories  for  cloud  chamber  studies  with  solutions 
and  non-viable  particulates.  In  the  U.C.T.L.  models  the  fluid  jet 
projected  about  0.5  mm.  beyond  the  air  orifice,  where  it  was  broken  off. 
In  the  models  used  in  the  present  work  the  fluid  tip  has  been  ground 
flush  with  the  air  tip.  The  optimum  relationship  of  the  two  tips  is  not 
known.  While  atomizers  operate  effectively  with  the  fluid  tip  built  in 
either  position,  flush  construction  has  the  great  advantage  of  protecting 
the  fragile  fluid  tip  against  breakage  or  displacement.  Chicago  atom¬ 
izers  are  shown  in  figures  32  and  33. 


Peripheral  Fluid- Jet  Medicinal  Atomizers 

Instruments  of  this  type  have  working  parts  of  vulcanite  or  plastics 
(e.g.,  “Saran”),  and  operate  either  by  pressure  or  by  suction  feed.  They 
appear  to  be  designed  for  local  application  of  drugs  to  the  nose  or  throat 
and  are  characterized  by  the  production  of  very  coarse  droplets.  They 
are  believed  to  have  no  application  to  the  present  purpose. 

Indirect- Spray  Atomizers  (“ Nebulizers ”) 

The  Vaponephrin  or  Darby  Atomizer.  The  instrument  to  which  the 
writers  have  applied  the  name  “Darby”  atomizer  is  a  small  all-glass 
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medicinal  atomizer  made  by  the  Vaponephrin  Company,  l  ppei  Dai  by, 
Pa.  (figs.  34  and  35).  It  has  a  capacity  of  10  ml  of  fluid  or  less  and  a  very 
small  fluid  consumption— 0.06  to  0.07  ml  of  water  per  minute  under  the 
conditions  used  in  this  laboratory.  It  is  representative  oi  a  group  ot 


Figlre  32  A  Chicago  atomizer,  assembled  with 
reservoir  and  fluid  flow  restrictor. 


a  one-inch 


mixing  chamber 
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Ftoiee  33.  The  Chicago  atomizer-one-inch  mixer  assembly 

nebulizers  in  which  the  internal  jet  is  directed  horizontally  across  the 
op  o  a  vertical  fluid  tube  and  against  a  baffle.  The  purpose  of  the 
baffle  seems  to  be  only  that  of  blocking  the  exit  of  fluid  in  tl,  •! ! 
spray.  In  this  as  in  all  nebulizers  the  fluid  is  continuously  refluxed 
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(lining  operation,  and  the  issuing  cloud  is  obtained  by  flotation  of  the 
finer  particles.  Atomizers  in  this  class  have  been  extensively  used  for 
studies  of  air-borne  infection.  The  Darby  atomizer  has  been  studied 
comparatively  by  the  writers.  It  has  been  found  to  produce  an  essen¬ 
tially  unicellular  cloud  from  water  suspensions  of  Serratia  marcescens. 


Figure  34.  A  Vaponephrin  or  Darby  nebulizer 


Figure  35.  Sectional  drawing  of  a  Darby  nebulizer.  Inset,  a  Darby  nebulizer 
set  up  with  a  refluxing  tube  and  a  x  5  inch  mixing  chamber. 


The  Detrick  Stainless  Steel  Nebulizer.  This  precisely  built  all  stainless 
steel  instrument  operates  on  the  same  principle  as  the  Darby,  lint  has 
three  air  jets  drilled  horizontally  through  the  wall  ol  the  air  tube,  each 
air  jet  having  a  vertical  fluid  tube  below  it.  The  wall  of  the  container 
acts  as  a  baffle.  It  has  a  capacity  of  about  50  ml  and  a  fluid  consumption 
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of  0.5  to  1  ml  per  minute  depending  on  input  air  pressure.  It  produces 
the  fine  cloud  characteristic  of  nebulizers  in  apparently  large  volume.  A 
limited  number  of  tests  with  this  instrument,  to  be  described,  showed 
it  to  be  destructive  to  vegetative  cells. 

The  Collison  Spray.  The  English  atomizer  used  by  Henderson  and 
his  co-workers  (18)  is  similar  in  principle  to  the  preceding.  The  spray 
head,  which  is  placed  into  a  suitable  glass  container  through  a  stopper, 
is  made  of  brass  with  three  jets.  Although  this  instrument  has  been 
used  by  the  English  workers  in  extensive  quantitative  studies  (19,  18, 
3,  30,  20),  it  has  not  been  compared  with  other  atomizers  under  fully 


equivalent  conditions.  It  may  be  noted  that  for  atomization  of  certain 
vegetative  bacteria  modification  of  the  jets  was  found  necessary  to  limit 
apparently  excessive  destructive  effects  (00). 

De\  ilbiss  180.  One  ot  the  DeVilbiss  “Professional”  atomizers,  in¬ 
tended  for  use  with  compressed  air  rather  than  with  a  hand  bulb,  is 
illustrated  in  figure  36.  It  combines  the  internal-spray  principle  with  a 
peripheral  air-jet  nozzle.  This  combination,  with  the  internal  jet 
diiected  \eifically  against  a  metal  baffle,  would  seem  to  entail  all  the 
disadvantages  ot  the  two  principal  atomizer  designs  for  the  atomization 
ot  labile  agents.  It  has  not  been  used  for  this  purpose,  but  as  noted 
above,  one  of  these  instruments  has  been  employed  in  the  present  work 
for  spraying  triethylene  glycol  (Chapter  4). 

Delilbiss  J,0.  This  instrument,  illustrated  in  figure  37,  is  an  all 
glass  nebulizer  which  differs  from  the  Darby  in  two  major  respects: 
(a)  the  air  line  is  directed  vertically  instead  of  horizontally,  and  the 
issuing  stream  is  not  baffled,  but  cascades  into  the  reservoir  like  a  foun- 

T1’  .e(b)  an  open'"S  ln  the  container  to  the  outside  air,  at  (lie  level 

of  the  orifices,  compensates  for  a  pressure  drop  induced  by  the  air  stream 
m  the  area  around  and  behind  it,  and  thereby  increases  and  e,  Is  " 
hold  constant  the  rate  of  fluid  flow.  This  instrument  has  been  studied 
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offers  no  special  advantages  over  that  of  other  nebulizers  which  are  avail¬ 
able  commercially. 

The  Loosli  Nebulizer.  A  nebulizer  described  by  Loosli  (31)  is  shown 
in  figure  18,  assembled  in  a  room  vaporizer  for  triethylene  glycol.  The 
nebulizer  element,  made  of  metal,  consists  of  a  central  air  tube  with  a 
smaller  fluid  tube  attached  at  each  of  two  sides.  At  the  atomizer  head 


Figure  36.  A  DeVilbiss  180  nebulizer 


the  air  line  is  bifurcated  in  a  square  U-arrangement  to  form  two  right- 
angle  jet  atomizers  which  spray  against  each  other.  The  device  is 
placed  in  an  inverted  flask  with  an  outlet  above  the  spray  point.  This 
instrument,  intended  for  spraying  large  volumes  of  serum,  has  not  been 
applied  for  production  of  infective  clouds  in  this  work,  although  it  w ou 

seem  worth  comparative  study. 

Miscellaneous  Nebulizers.  Among  atomizers  described  under 
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Figure  37.  A  DeVilbiss  40  nebulizer 
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names  in  the  literature  on  air-borne  infection,  but  apparently  conform¬ 
ing  with  one  of  the  types  described  above,  may  be  mentioned  the  Graeser 
atomizer  (10),  which  resembles  the  DeVilbiss  40  without  a  vent  to  atmos¬ 
pheric  air,  and  the  Atmozon  spray  (59)  which  belongs  in  the  Collison 
class. 

The  Phelps- Buchbinder  Flotation  Bubbler.  An  atomizer  basically 
different  from  any  of  the  preceding  was  described  by  Phelps  and  Buch¬ 
binder  (43),  and  used  successfully  by  them  for  spraying  hemolytic 
streptococci,  vaccinia  virus  and  other  viable  agents.  The  reservoir  is  a 
flat  bottomed  glass  vial  about  8  inches  long  and  one  inch  or  more  in 
diameter,  closed  with  a  stopper.  A  capillary  is  sealed  through  the  wall 
at  a  sharp  angle  with  its  inner  end  opening  near  the  flat  bottom.  The 
outlet  is  sealed  at  a  similar  angle  near  the  upper  end,  and  includes  a 
refluxing  tube  and  bulb.  Air  is  forced  through  the  capillary  to  induce 
turbulence  in  the  reservoir,  and  the  resulting  cloud  is  floated  off  through 
the  refluxing  tube  and  outlet.  Tests  of  an  instrument  of  this  type  have 
not  been  undertaken  in  this  laboratory  but  might  be  desirable  as  part 
of  the  analytical  study  of  individual  factors  thought  to  be  concerned  in 
the  destruction  of  labile  agents  during  atomization. 


GENERAL  PRINCIPLES  OF  ATOMIZER  PERFORMANCE 

The  interrelationship  of  variables  in  atomizer  performance  has  appar¬ 
ently  not  been  studied  sufficiently  to  permit  formulation  in  piecise  teims. 
In  its  application  both  to  commercial  needs  and  to  laboiatoi  y  studies  the 
field  is  largely  empirical.  An  attempt  is  made  here  to  state  some  ol  the 
relevant  principles  as  they  may  be  surmised  from  expeiience. 


Placement  of  Air  and  Fluid  Orifices 

With  aspirating  atomizers  of  the  direct-spray,  peripheral  aii -jet  type, 
the  most  commonly  used  form  in  commercial  practice,  both  air  and  flu u 
orifices  are  usually  cut  or  ground  square,  i.e.,  at  right  angles  to  the  ( lrec- 
tion  of  flow.  The  ends  are  placed  in  the  same  plane  (flush)  or  \uth  the 
fluid  jet  either  protruding  slightly  or  cut  off  within  the  air  jet,  u  <>\\ 
pressure  area  in  which  aspiration  occurs  extends  on  both  sides  o  the  flush 
plane.  The  point  at  which  maximum  fluid  flow  occurs,  as  v  e  ^  n  i 
effects  of  variation  in  the  relative  position  of  the  two  orifices,  are  among 
the  fundamental  problems  of  atomizer  dynamics  that  requ^e  huthRi 
study.  Flush  construction  appears  to  be  nearly  unnt‘h\  1  * 
capacity  sprays,  whereas  among  medicinal  atomizers  the  fluu  ip  n  t } 
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be  found  in  any  of  the  three  relative  positions.  If  the  fluid  jet  is  ex¬ 
tended  too  far  beyond  the  air  orifice,  that  is,  beyond  the  effective  low 
pressure  area,  the  atomizer  fails  to  aspirate.  The  same  is  true  when  the 
fluid  jet  is  pulled  too  far  within  the  air  jet.  In  either  relationship  pres¬ 
sure  feed  of  fluid  is  required  for  operation.  Flush  construction  in 
atomizers  with  fine  jets  is  advantageous  in  that  the  fluid  orifice  is  thereby 
protected  against  breakage  or  dislocation.  Since  dislocation  of  the  fluid 
jet  may  critically  alter  the  performance  of  the  instrument,  the  flush 
arrangement  of  jets  makes  for  both  more  rugged  and  more  constant 
operation. 

In  indirect-spray  atomizers  air  and  fluid  jets  are  most  commonly 
placed  at  right  angles,  with  the  orifice  of  the  fluid  jet  close  to  and  over¬ 
lapping  the  orifice  of  the  air  jet,  so  that  the  issuing  airstream  envelopes 
the  fluid  orifice.  In  general  practice  both  jets  are  cut  off  square,  so  that 
the  orifice  surfaces  as  well  as  the  tubes  lie  at  right  angles  to  each  other. 


Centering  of  the  Fluid  Jet 

Precise  centering  of  the  fluid  jet  within  the  air  jet  is  a  feature  of  well 
made  paint  sprays.  Its  accomplishment  presents  no  special  difficulties 
where  the  orifices  are  large  enough  to  be  drilled  on  precision  lathes. 
Where  the  internal  diameter  of  the  fluid  jet  becomes  so  small  (less  than 
0.0135  inch)  that  drilling  is  impracticable,  precise  centering  is  more 
difficult  to  achieve.  Such  small  fluid  jets  are  made  of  fine  tubing  instead 
of  being  drilled.  In  atomizers  such  as  the  special  DeVilbiss  115  models 
the  triple-jet  atomizers  developed  by  the  writers,  and  all  glass  atomizers 
are  haml  made>  Precise  centering  is  accomplished  only  by  chance 
and  no  two  instruments  are  ever  exactly  alike.  Tests  by  the  writers 
have  shown  that  precise  centering  is  not  essential  to  satisfactory  opera- 
tioii.  It  seems  to  be  necessary  that  the  fluid  jet  be  out  of  contact  with 
the  air  jet  throughout  its  extent,  and  that  it  be  incapable  of  movement 
vitlnii  the  air  jet.  C  hange  of  position  of  the  fluid  jet  within  the  air  jet 
has  been  found  to  alter  the  performance  critically  and  over  a  wide  muge 

/' 'actors  Affecting  P article  size  Distribution  of  the  Spray 
I  he  influence  of  atomizer  design  on  thp  nariioL 

the  spray  can  only  be  suggested  from  information  now  available U  it  • 
precise  formulation  awaits  further  research  It  i  i  •  ,  ’  lts 

liters  by  virtue  of  operation  on  the  flotation  principle  ^Xp  ^  ? T 
in  genera,  have  a  finer  particle  size  distribution  than  d„  th^Tf “ 
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spray  atomizers.  It  has  been  found,  however,  that  the  latter  can  be 
made  to  produce  clouds  approaching  in  fineness  those  of  nebulizers, 
and  sufficiently  fine  for  purposes  of  experimental  air-borne  infection. 

buch  data  as  are  available  on  the  influence  of  atomizer  design  on 
particle  size  distribution  of  the  spray  have  been  derived  chiefly  from 
industrial  sources  and  are  based  on  empirical  rather  than  on  fundamental 
studies.  Practical  requirements,  for  example,  which  relate  the  diameter 
of  the  fluid  jet  to  the  viscosity  and  other  properties  of  the  fluid  to  be 
sprayed,  and  in  turn  to  other  features  of  nozzle  design,  have  been  estab¬ 
lished  through  the  experience  of  paint  spray  manufacturers,  and  provide 
little  information  of  direct  value  in  the  present  connection.  On  the  basis 
of  such  experience,  however,  the  DeVilbiss  Company  engineers  have 
informed  the  writers  that,  other  conditions  being  held  constant,  fluid 
output  increases,  and  particle  size  of  the  spray  diminishes,  as  the  air 
stream  velocity  at  the  orifice  increases.  On  the  other  hand,  both  fluid 
output  and  particle  size  are  decreased  as  the  diameter  of  the  fluid  jet 
is  made  smaller.  The  particle  size  distribution  of  the  spray  is  also  said 
to  be  increased  as  the  cut  surface  area  at  the  orifice  of  the  fluid  jet  (i.e., 
the  area  perpendicular  to  the  direction  of  flow)  increases,  because  of 
accumulation  of  fluid  on  this  surface,  which  is  then  blown  off  grossly 
by  the  inner  marginal  portion  of  the  issuing  air  jet.  These  observations 
apply  to  direct-spray  peripheral  air-jet  atomizers.  In  the  peripheral 
fluid-jet  type  an  additional  factor  affecting  particle  size  is  the  degree  of 
taper  or  streamlining  of  the  outermost  surface  of  the  nozzle.  In  this 
type  of  atomizer,  fluid  collects  on  the  outermost  rim  of  the  orifice  and  is 
blown  off  in  part  by  the  slip  of  outside  air  aspirated  past  the  atomizer 
nozzle  by  the  issuing  air  stream.  This  phenomenon,  augmented  by  the 
fact  that  the  issuing  fluid  is  not  completely  enveloped  by  the  high  veloc¬ 
ity  air  stream,  tends  toward  the  production  of  a  particularly  coarse 
spray  with  atomizers  of  this  kind.  It  is  said  to  be  minimized,  under 
otherwise  constant  conditions,  as  the  angle  of  taper  of  the  outer  suiface 
of  the  nozzle  increases  from  the  cut  surface.  Such  slip  effects  would 
not  influence  the  performance  of  peripheral  air-jet  atomizers,  in  vhici 
accumulation  of  fluid  on  the  cut  surface  of  the  fluid  jet  is  limited  in  its 

lateral  spread  by  the  issuing  airstream. 

The  statement  of  Houghton  (24),  which  presents  the  status  of  this 
problem  from  the  industrial  viewpoint,  seems  worth  quoting  at  length: 


“For  many  applications  of  spray  nozzles,  the  size  of  the  drops  produced  is  of 
considerable  'importance.  When  a  liquid  is  disrupted,  it  first  breaks  into  small 
filaments  which  are  detached  from  the  mass.  The  filaments  contract  cue 
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surface  tension,  and  an  oscillation  is  set  up  which  results  in  the  formation  of  one 
large  drop  and  one  or  more  smaller  drops  from  each  filament.  Since  the  filaments 
are  not  all  the  same  size,  a  considerable  range  of  drop  sizes  invariably  results. 
The  greater  the  disrupting  force,  the  smaller  the  filaments  and  hence  the  smaller 
the  drops.  The  filaments  are  most  likely  to  be  more  nearly  of  the  same  size  if  the 
sheet  is  thin  and  of  uniform  velocity  and  thickness  in  the  region  of  the  break-up. 
In  a  practical  sense  this  means  that  small  nozzles  with  smooth  passages  and  orifices 
will  produce  the  narrowest  range  of  drop  sizes.  Also  the  higher  the  pressure  the 
smaller  will  be  the  drops,  other  things  being  equal.  .  .  . 

“The  viscosity,  surface  tension  and  density  of  the  liquid  also  affect  the  drop 
size  .  .  .  [but]  the  exact  laws  of  variation  have  not  been  established  .  .  . 

“  .  .  .  For  applications  which  require  the  smallest  possible  range  of  drop  sizes 
a  laige  number  of  small  nozzles  should  be  used  in  preference  to  a  few  nozzles  of 
large  capacity.  .  .  . 

“As  ordinarily  operated,  gas-atomizing  nozzles  [‘atomizers’  as  defined  in  this 
report]  produce  much  smaller  drops  than  pressure  or  rotating  nozzles  [which 
operate  without  air  or  other  gas].  Although  the  smaller  atomizing  nozzles  tend 
to  give  a  somewhat  narrower  range  of  drop  sizes  than  the  larger  nozzles,  the  size 
iactor  is  not  so  important  as  in  the  case  of  the  pressure  nozzles.  The  determining 
factor  is  the  relation  between  the  quantities  of  gas  and  fluid.  When  insufficient 
gas  is  used,  large  drops  are  formed  which  are  readily  visible  since  they  are  pro¬ 
jected  well  beyond  the  cloud  of  small  drops.  The  quantities  of  liquid  and  gas 
should  always  be  adjusted  so  that  no  such  large  drops  are  in  evidence.  Assuming 
that  such  proper  operation  is  maintained,  the  drop  size  can  be  controlled  by  vary- 
mg  the  gas  pressure,  higher  pressures  yielding  smaller  drops.  The  fluid  pressure 
has  littffi  effect  on  the  drop  size  and  for  the  most  part  only  determines  the  quantity 
o  fluid  delivered,  which  is  also  a  function  of  the  gas  pressure.  As  in  the  case  of  the 

thoZ  >Pri  °f-  n°ZZ  6S’. the  physical  Pr°Perties  of  the  fluid  affect  the  drop  size,  but 
the  quantitative  relations  are  not  known.  It  may  probably  be  assumed  that  the 

wUh  deL'TyT'8  'riSCOSity  and  decreilses  Wlth  sur(i*oe  tension  and  possibly 

An  additional  factor  probably  affecting  particle  size  of  the  spray  has 
special  reference  to  the  triple-jet  atomizer.  Since  this  instrument 
o  uces  an  asymmetrical  air  stream,  it  seems  probable  that  the  particle 
size  distribution  of  the  cloud  is  coarser  than  would  be  obtained  ”ha 
uniform  cylindrical  airstream  completely  enveloping  the  Md  jet  pro 
_  i<  ed  that  all  other  variables  could  be  held  constant.  On  the  other’hand 
t  may  be  a  compensating  factor  that  the  fluid  oufnnt  nf  +v  .  +  .•  1  • 
atomizer  is  probably  smaller  than  it  would  lie  if  fl  °  np  °'Jet 

"ere  more  uniformly  distributed  Same  air  P>'«*ure 


Influence  of  Secondary  Air 

What  has  been  called  “secondary”  nh-  in  +1  • 
lets  directed  independent, y  into  ihe 
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used  by  others  for  a  variety  of  purposes.  With  paint  sprays,  as  men¬ 
tioned  previously,  it  is  used  to  alter  the  shape  of  the  spray  plume.  With 
humidification  nozzles  it  is  used  to  increase  the  rate  of  vaporization  of 
the  spray.  In  the  Lyons  (34)  modification  of  the  Wells  (03)  nebulizer, 
secondary  air  jets  are  provided  apparently  to  break  up  the  coarse  spray 
produced  by  a  peripheral  fluid-jet  nozzle.  In  the  writers’  practice  it 
has  been  used  to  dry  the  spray,  or  in  general  to  yield  and  maintain  a 
given  level  of  humidity  in  the  chamber,  and  incidentally  to  determine 
the  total  airflow  through  the  cloud  chamber.  Humidity  control  in  the 
chamber  by  mutual  adjustment  of  atomizer  fluid  flow,  secondary  air 
flow,  and  humidity  of  the  secondary  air  has  been  discussed  in  Chapter 
5.  The  relationship  within  limits  of  the  first  two  variables,  using  dried 
secondary  air,  is  shown  in  figure  22. 

Mixing  chambers  for  secondary  air,  and  other  considerations  bearing- 
on  their  use,  are  described  in  Chapter  11. 


THE  ATOMIZATION  OF  LABILE  AGENTS 


Quantitative  studies  on  the  atomization  of  viable  agents  have  made 
it  clear  that  such  agents  undergo  more  or  less  marked  destruction  during 
the  process.  As  would  be  expected,  the  degree  of  lability  varies  with  the 
agent,  being  less  marked  with  spore  forming  bacteria  and  more  con¬ 
spicuous  with  certain  vegetative  forms  than  with  others.  Many  details 
on  the  comparative  lability  of  different  agents  are  given  in  Section  V. 
For  present  purposes  the  order  of  magnitude  of  the  damage  done  to 
vegetative  cells  may  be  suggested  by  the  finding  that  under  compaiable 
conditions  the  value  for  recovery  of  a  cloud  of  Serratia  marcescens  was 
7.5  per  cent  of  the  corresponding  value  for  spores  of  Bacillus  globigii. 
This  value  is  based  on  the  highest  average  nominal  recovery  obtained 
with  B.  globigii  spores,  73.4  per  cent.  If  it  be  assumed  that  the  differ¬ 
ence  between  this  value  and  100  per  cent  represents  losses  due  to  im¬ 
pingement,  and  that  such  losses  are  the  same  lor  the  two  agents,  it 
would  seem  to  follow  that  92.5  per  cent  of  the  S.  marcescens  organisms 
were  destroyed  somewhere  in  the  experimental  sequence  from  atomiza¬ 
tion  to  collection.  It  is  evidently  desirable  to  attempt  to  define  the 

sources  of  this  damage. 
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Fedors  in  the  Loss  of  Labile  Agents 

Leaving  out  of  account  impingement  losses,  which  occur  with  non- 
viable  agents  and  spore  formers  as  well  as  with  vegetative  cells  and 
viruses,  and  which  do  not  imply  destruction  of  the  agents,  the  possible 
factors  in  destruction  of  labile  agents  during  atomization  appear  to  be 
as  follows. 

1.  Sheering  Action.  A  shearing  force  of  the  air  stream  on  particles 
in  the  fluid  suspension  as  they  issue  fiom  the  fluid  jet  is  operative  in  all 
true  atomizers,  although  it  may  be  lacking  in  the  Phelps-Buchbinder 
bubbler.  It  if  is  a  function  of  the  velocity  of  the  issuing  air  it  would  be 
expected  to  be  more  prominent  in  direct-spray  atomizers  than  in  nebu- 
lizeis,  in  which  the  issuing  spray  usually  has  a  lower  velocity  and  a 
larger  liquid  component.  On  the  other  hand,  any  given  particle  is 
subjected  only  once  to  this  force  in  direct-spray  atomizers,  whereas 
many  particles  are  subjected  to  shearing  effects  repeatedly  in  nebulizers 
because  of  continuous  refluxing.  The  data  thus  far  available  do  not 
permit  assessment  of  this  factor.  It  will  be  seen  that  recovery  of  S 
marcescens  with  direct-spray  atomizers  increases  as  input  air  pressure 
on  the  atomizer  is  increased,  so  that  by  this  means  recovery  values  with 
.  ™meseens  as  high  as  58.8  per  cent  have  been  obtained,  as  compared 
w,t  ,  1 3.4  per  cent  for  B.  gloUgii  at  lower  pressures.  This  phenomenon 
is  described  more  fully  below  (Chapter  9). 

f:  Impaction  of  particles  against  a  surface  in  the  direct 

path  of  the  issuing  Stream  is  a  feature  of  nebulizers  in  which  the  stream 

izerseS  UU"'  C  01  (  ?  °f  th°  Container’  but  is  absent  in  other  atom- 
eis.  appears  to  be  a  significant  damaging  factor,  as  judged  by  the 

superior  per  ormance  ot  the  unbaffled  DeVilbiss  40  as  compared  with  the 

balfled  Darby  in  the  rat n  f™  c  ^  H  UU1  1111 

1 01  o.  7ii civ cc scais  ffivpn  bplnw  Kn+ 

points  of  difference  between  these  atomizers  ha  n  teen  ^  d' 

It  ought  to  be  less  operative  as  the  distance  between  orificeTnd Tmoact 

ing  surface  increases,  other  conditions  beimr  it,  „  •  ‘ 

distance,  however-for  evimnle  i,  '  8  -T  '  By  alterin«  this 

the  Collison  spray,  as  bedTnghkm  (30)  ha  "d  b°‘tle  "'ith 

reservoir  fluid  volume  and  therefore  the  rate  ,?f  *’  iT®  “  80  alters.the 
Ledingham  was  concerned  with  refluvino-  ,  ,i  !!'  Uxlng  per  Particle. 
The  impaction  factor  might  e  i  Tfor  A  <f“,with 
of  equal  capacity  but  differing  in Zte  ^  ^  ^  USe  °f  bo«'<* 

COTi“m  ma-  "  is  known  that  nebulizers  generally 
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emit  water  vapor  in  disproportionate  amount  from  aqueous  solutions  or 
suspensions,  so  that  dissolved  and  suspended  material  in  the  reservoir  is 
concentrated  during  the  course  of  atomization.  This  effect  makes  it  in¬ 
advisable  with  such  instruments  to  suspend  agents  in  salt  solutions  or 
other  substances  that  may  be  concentrated  to  a  toxic  level.  Ledingham 
(30)  has  presented  data  on  this  effect  obtained  with  the  Collison  spray, 


and  findings  with  other  nebulizers  obtained  in  the  writers’  studies  are 
given  below.  The  concentration  effect  is  eliminated  with  direct-spray 
atomizers.  Its  influence  in  nebulizers  might  be  isolated  by  comparing 
the  effects  under  otherwise  constant  conditions  of  dry  air  versus  satu¬ 
rated  air  in  the  primary  air  line  of  the  atomizer.  It  would  then  be 
necessary  to  adjust  the  secondary  airflows  to  equalize  the  degree  of 
drying  of  the  cloud  after  atomization. 

4-  Agitation.  Phenomena  associated  with  agitation  of  fluid  in  the 
reservoir  of  the  Collison  spray  during  atomization  have  been  studied 
with  care  by  the  English  workers  at  Porton  (30,  55,  60).  Like  the  two 
preceding  factors  this  would  seem  peculiar  to  nebulizers  and  inoperative 
in  direct-spray  atomizers,  in  which  the  reservoir  fluid  is  static  during 
operation.  Repeated  shearing  in  the  course  of  refluxing,  and  the  con¬ 
centration  effect,  are  associated  phenomena.  The  “agitation  phenom¬ 
enon”  proper,  however,  is  a  distinct  effect  apparently  due  to  turbulence 
alone,  since  it  can  be  produced  in  appropriate  suspensions  merely  by 
long  continued  aspiration  and  expulsion  ol  the  suspension  with  a  pipette. 
The  effect  is  one  of  aggregation,  sometimes  followed  by  disaggregation, 
and  seems  to  be  peculiar  to  certain  agents,  such  as  the  spores  ot  Bacillus 
subtilis  and  Bacillus  anthracis. 

0.  Desiccation.  Atomization  into  a  relatively  dry  atmospheie  is 
followed  by  almost  instantaneous  evaporation  ol  water  from  the  atom¬ 
ized  droplets  with  consequent  desiccation  of  contained  particles,  which 
may  be  very  destructive  to  certain  vegetative  organisms.  Data  pre¬ 
sented  by  Henderson  (18)  indicate  that  water  droplets  as  large  as  20 
microns  in  diameter  evaporate  very  rapidly  in  atmospheres  with  relative 
humidities  as  high  as  75  per  cent.  This  phenomenon  has  been  studied 
at  considerable  length  by  the  writers,  and  many  data  bearing  on  it  are 
given  in  this  Section  and  in  Section  V.  It  will  be  seen  Aat  desiccation 
is  a  destructive  factor  of  considerable  importance,  but  that  it  ne\eit we 
les«!  accounts  for  only  a  small  part  of  the  total  loss  on  atomization. 

6  Oxidation.  Possibly  destructive  oxidative  effects  on  microorgan¬ 
isms  with  a  large  surface  exposed  to  air  are  difficult  to i  separate  exp .  - 

mentally  from  desiceative  effects.  It  is  now  recognized  that  even  strictly 
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anaerobic  bacteria  are  not  actively  destroyed  by  exposure  to  molecular 
oxygen,  although  they  may  fail  to  proliferate  in  its  presence.  In  an 
experiment  described  later  in  this  report  (Chapter  20),  a  suspension  of 
Pasteurella  tularensis  was  sprayed  into  an  atmosphere  of  nitrogen.  The 
recovery  was  not  significantly  higher  than  that  obtained  under  compar¬ 
able  conditions  when  the  organism  was  sprayed  into  air. 

/ .  Bacteriostatic  Effects.  The  deleterious  effects  of  certain  metals 
in  contact  with  bacterial  suspensions  may  be  a  factor  in  losses  with 
metal  atomizers.  Copper  and  silver  are  known  to  be  bacteriostatic, 
but  may  be  appreciably  active  only  on  longer  contact  than  is  likely  to 
occur  in  atomizers  in  which  these  metals  are  used  for  the  air  or  fluid  jets. 
Data  on  the  relative  significance  of  this  factor  are  not  available  and 
would  seem  difficult  to  obtain,  since  fully  equivalent  atomizers,  as  noted 
above,  are  not  easily  made  even  of  the  same  materials. 


9 

DATA  FROM  COMPARATIVE  STUDIES  OF  ATOMIZERS 

The  data  given  in  this  chapter  are  principally  those  obtained  in  early 
studies  which  had  as  one  of  their  purposes  the  selection  of  an  atomizer 
for  cloud  chamber  work.  Other  data  bearing  on  the  question  of  atom- 
izei  performance  are  given  in  Sections  IV  and  V. 

Performance  of  Different  Atomizers  with  Different  Agents 

rehiion  fodX’ V*  °“mparison  of  ^rent  atomizers  in 

i elation  to  different  agents  thus  far  available.  The  data  have  been 

attn^  S  rStelTmSthXr4  C^ 

liZer'';“p^^8U^.^  .^™k  stainless  steel  nebu- 
fluently  used.  The  differences  between  Ihe '  Xr  values^!  "X 

organism  are  not  considered  simifiennt  «  °  ,  es  *or  thls 

the  Chicago  atomizer  with  one  inch  mixingXmber  f  ^heothe^  X 
toi  this  atomizing  system  aiven  in  +0ki  q  i  ’  (  °^er  values 

to  be  presented,  leave  no  doubHhat  the  ’•“?  mUCh  a,klitioMl  data 

significantly  higher  recoveries  than  ^ 

e  f  a  a  in  table  9  were  obtained  in  early  parallel  studies  of  theYn- 
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fiuence,  with  two  nebulizers  and  two  direct-spray  atomizers,  of  spraying 
into  a  dry  versus  a  wet  atmosphere,  and  of  suspending  the  organisms 
(*''•  mar  ce  see  ns)  in  dextrin  or  dextrin-pepticase  solutions  as  compared 
with  distilled  water.  The  principle  findings  may  be  summarized  as 
follows: 

a.  Both  nebulizers  (Darby,  De\  ilbiss  40)  gave  significantly  higher 
recoverable  cloud  concentrations  and  correspondingly  higher  percentage 
recoveries  with  wet  than  with  dry  clouds,  other  conditions  having  been 
held  as  nearly  constant  as  possible. 

b.  Neither  nebulizer  gave  an  appreciably  better  recovery  of  a  dry 


TABLE  8 

Average  Nominal  Recovery  Values  for  Dry  Clouds  of  Various  Agents  Sprayed  with 

Different  Atomizers 


Atomizer 


Agent 

Stain¬ 

less 

Steel 

Darby 

(Vapone- 

frin) 

Triple-Jet 

DeVilbiss 

40 

Chicago 

2\  inch 
mixer 

1  inch  mixer 

Phenol  red* . 

(2)  36.2 

(2)  86.8 

Serratia  marcescens* . 

(2)  0.5 

(5)  3.6 

(3) 

2.9 

(2)  2.4 

(3)  2.6 

(1)  5.5 

Bacillus  glohigii  spores*.. 

(2)  24.3 

(2) 

32.  S 

(1)  39.2 

(3)  73.4 

Brucella  suis . 

(3) 

11. 6f 

(5)  12.1J 

(11)  16.lt 

Meningopneumonitis 

virus§ . 

(5) 

10.4 

(2)  7.S 

Values  in  parenthesis  indicate  the  number  of  runs  averaged. 


*  Suspended  in  distilled  water, 
t  Suspended  in  ZoBell’s  solution 
J  Suspended  in  tryptose  saline. 
§  Suspended  in  extract  broth. 


cloud  sprayed  from  suspension  in  5  per  cent  dextrin,  or  5  per  cent  dex¬ 
trin— 1  per  cent  pepticase,  as  compared  with  a  cloud  sprayed  from  water 

suspension.  .  , 

c  With  the  nebulizers  there  was  a  tendency  toward  destruction  ol  t  te 

organisms  in  the  reservoir  during  atomization  with  dextrin  and  dextrin- 
pepticase.  These  substances  did  not  reduce  the  fluid  flow  through  the 
nebulizers,  whereas  in  the  direct-spray  atomizers  (triple-jet,  Chicago), 

a  reduction  of  fluid  flow  in  their  presence  did  occur. 

d  With  the  triple-jet  atomizer,  points  a  and  b  are  reveisei  .  u  (  on 
concentration  and  percentage  recovery  were  higher  tor  the  dry  than  oi 
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the  wet  cloud,  and  the  use  ol  dextrin-pepticase  (dextrin  alone  was  not 
tested)  ga\e  a  significantly  higher  yield  than  water  suspension.  With 
this  atomizer ,  lecovery  of  a  wet  dextrin-pepticase  cloud  (not  tested  with 
the  othei  instruments)  was  likewise  lower  than  that  of  a  comparable  dry 
cloud. 

e.  The  Chicago  atomizer  behaved  like  the  nebulizers  with  respect  to 
wet  versus  dry  clouds,  and  like  the  triple-jet  with  respect  to  dextrin- 
pepticase. 

1.  In  all  instances  the  wet  cloud  was  impinged  on  the  inner  wall  of  the 
mixing  chamber  (and  presumably  on  other  surfaces)  in  much  greater 
amount  than  the  dry  cloud.  A  less  marked  increase  in  impingement 
occurred  with  dextrin  and  with  dextrin-pepticase  as  compared  with  the 
dry  cloud  produced  from  water  suspension.  With  the  Darby  atomizer, 
with  which  an  extra  reflux  tube  was  used  between  atomizer  and  mixer 
(see  fig.  35),  none  of  these  impingement  values  is  significant,  but  with 
the  others,  several  of  the  values  represent  considerable  losses. 

These  findings  are  interpreted  as  follows:  The  spraying  of  organisms 
into  an  atmosphere  with  a  relative  humidity  approaching  100  per  cent 
must  yield  larger  particles,  because  of  lack  of  evaporation,  than  are 
obtained  under  comparable  conditions  in  a  drier  atmosphere.  If  it  be 
assumed  that  the  initial  particle  size  distribution  of  the  clouds  produced 
by  the  nebulizers  and  by  the  Chicago  atomizer  is  fine  enough  so  that  this 
humidity  effect  does  not  materially  affect  their  rates  of  settling,  then  the 
increased  yield  with  wet  as  compared  with  dry  clouds  with  these  three 
atomizers  mity  be  interpreted  in  terms  of  prevention  of  destruction  by 
drying.  The  low  yields  of  dry  clouds  with  these  atomizers  may  be 
attributed  in  the  same  sense  to  destruction  by  drying  of  naked  single 
cells  or  small  clumps.  On  the  other  hand,  in  the  larger  clumps  of  organ¬ 
isms  that  probably  occur  with  appreciable  frequency  in  the  cloud  emitted 
by  the  triple-jet  atomizer,  the  inner  organisms  may  be  protected  against 
drying  by  the  surface  layer.  Spraying  into  a  saturated  atmospheie 
would  thus  be  expected  to  have  less  protective  effect  with  this  atomizei 
than  with  others.  At  the  same  time  the  coarse  cloud  from  the  triple-jet 
atomizer,  maintained  if  not  increased  in  particle  size  at  the  high  humid¬ 
ity  level,  may  materially  increase  the  rate  of  settling  of  the  cloud,  and 
thus  counterbalance  the  protective  effect  of  moisture,  so  that  the  final 
yield  becomes  smaller  for  the  wet  than  tor  the  dry  cloud. 

An  explanation  for  the  difference  in  behavior  of  nebulizers  as  compared 
with  atomizers  with  dextrin  and  dextrin-pepticase  suspensions  is  sug¬ 
gested  by  the  data  on  change  in  concentration  in  the  nebulizer  reservoirs. 
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In  the  direct-spray  atomizers  the  rate  of  fluid  flow  is  diminished  in  the 
presence  of  these  substances,  but  the  reservoir  fluids  are  static,  and  the 
concentration  of  organisms  is  not  altered  during  atomization  except  as  it 
might  be  influenced  on  standing  under  equivalent  conditions  for  an 
equal  period.  In  the  nebulizers,  on  the  other  hand,  it  is  clear  that  the 
“normal”  concentrating  effect  seen  with  water  suspensions,  and  expected 
as  the  result  of  excessive  vaporization  of  water,  is  reversed,  especially 
in  the  presence  of  the  dextrin-pepticase  mixture.  The  observed  reduc¬ 
tion  ot  viable  count  in  the  reservoirs  after  spraying  seems  explicable 
only  in  terms  of  destruction  of  viability,  since  it  is  presumably  accompa¬ 
nied  by  an  increase  of  total  count.  The  evidence  given  in  table  9  for 


improved  yields  of  S.  marcescens  sprayed  with  direct-spray  atomizers 
from  dextrin  or  dextrin-pepticase  suspensions  as  compared  with  distilled 
water  has  been  confirmed  by  later  studies  with  the  Chicago  atomizer, 
as  will  be  seen  in  Section  V.  It  seems  from  the  present  data  that  this 
protective  effect  is  neutralized  in  atomizers  of  the  internal-jet  type, 
apparently  as  a  function  of  their  distinctive  design.  The  difference  in 
design  between  the  two  nebulizers  suggests  that  internal  impaction, 
absent  in  the  DeA  ilbiss  40,  is  not  responsible,  and  points  to  repeated 
shearing  or  another  process  incident  to  refluxing.  On  the  other  hand 
the  consistently  higher  recoveries  with  the  DeVilbiss  40  as  compared 

wffh  the  Darby  seem  to  point  to  a  separate  destructive  effect  of  the 
baffle  in  the  latter. 

All  additional  point  in  this  connection  relates  to  the  significance  of  the 

Ihwwir  lmPingcment  on  the  mixing  chamber.  It  seems  prob¬ 
able  that  these  values  represent  only  that  fraction  of  impinged  organisms 
hat  remained  viable  An  additional  portion  of  undetermined  sfze  may 

Thr,vuXrs  have  h  ^  |mpingement  by  drying,  or  otherwise, 

the  "iiteis  have  observed  on  several  occasions  that  low  counts  were 

oitained  from  the  2-!  inch  mixing  chamber  despite  the  presence  of  a 
which  Z*  hdeP°Slt  (from  characteristic  S.  marcesL  pigme ,,t) 

operating  under  dry  doTcSS 

ences  in  impingement  indicated  in  tiblp  o  1  +  i  '  iat  *  ie  (  lder' 

are  much  larger  than  would  be  shown  bv  totnlTltl  ^  tiT  7*  Cl.°uds 
counts.  It  therefore  seen-m  nPv  •  i  ,  '  .  .  •‘dhei  than  by  viable 

impingement  values  for  the  Chicago'  atomiz^  ^  ***  mUCh  higher 
triple-jet,  in  view  of  the  smaller  t  t  7  7  f’  aS  comPared  with  the 

viable  cloud  rather  thanTne  I  tl  ‘  T *  ° ,he  fomw’  »  more 

one  with  greater  intrinsic  tendency  to  impinge. 
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If  this  inference  be  sound  it  would  follow  that  the  Chicago  atomizer  is 
basically  less  destructive  to  S.  marcescens  under  equivalent  conditions 
than  the  triple-jet  atomizer. 


Basis  for  Selection  of  the  Chicago  Atomizer 

Ihe  foregoing  data  point  to  the  Chicago  atomizer  as  the  best  overall 
performer  of  the  tour  instruments  tested.  Recovery  of  its  dry  cloud 
sprayed  from  water  suspension  is  poor,  presumably  because  of  destruc¬ 
tive  drying  of  naked  single  cells  in  its  fine  cloud.  It  is  assumed  that  the 
same  circumstance  underlies  the  marked  increase  of  yield  of  a  wet  cloud. 
Ihe  high  impingement  value  in  the  latter  instance,  coupled  with  these 
findings,  suggests  the  production  of  a  desirable  fine  cloud  with  relatively 
little  destruction  induced  by  the  atomizer  itself.  Freedom  with  this 
atomizer  from  the  adverse  effects  of  refluxing,  as  exemplified  by  the 
yields  whh  dextrin  and  dextrin-pepticase  suspensions,  indicates  that  this 
instrument  is  not  limited  in  use  to  simple  suspending  media,  but  may  be 
used  with  whatever  medium  is  found  best  for  maintenance  of  the  agent 
used.  The  Chicago  atomizer,  in  short,  seems  to  combine  the  advan¬ 
tages  of  the  two  types  of  instruments  without  their  typical  disadvantages. 
It  has  consequently  been  chosen  for  routine  use  in  this  work. 


The  Atomizer  Air  Pressure  Effect 

An  early  attempt  to  determine  the  optimum  airflow  for  direct-spray 
atomizers  yielded  interesting  data  which  could  not  be  followed  up, 
because  of  the  pressure  of  other  work,  until  very  late  in  the  course  of 
these  studies.  The  results  of  both  early  and  late  experiments  are  as¬ 
sembled  in  table  10.  An  attempt  to  apply  these  findings  with  S.  mar¬ 
cescens  to  Malleomyces  pseudomallei  is  described  in  Chapter  18. 

The  early  experiments  are  summarized  in  the  upper  portion  of  table  10. 
With  the  triple-jet  atomizer  the  secondary  air  was  held  constant  and 
the  primary  air  increased,  and  as  a  result  the  relative  humidity  of  the 
chamber  air  increased  as  the  atomizer  fluid  flow  increased.  A  parallel 
increase  in  percentage  recovery  led  to  the  studies  of  varying  relative 
humidity  previously  presented.  When  it  appeared  that,  with  uniform 
airflow,  recovery  with  this  atomizer  was  lower  with  a  wet  than  with  a 
dry  cloud,  the  increase  in  recovery  shown  in  table  10  seemed  attributable 
to  increasing  primary  air  pressure.  A  similar  series  of  experiments  was 
therefore  conducted  with  a  Chicago  atomizer,  except  that  the  ratio  of 
primary  to  secondary  air  was  held  constant  so  as  to  maintain  constant 
humidity.  This  series  was  performed  with  suspensions  in  5  per  cent 
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dextrin  Again  the  recovery  values  were  found  to  increase  with  increas¬ 
ing  atomizer  air  pressure. 


TABLE  10 

Influence  of  Increasing  Atomizer  Air  Pressure  on  Nominal  Recovery  of  Serratia 

marcescens  Clouds 


Atomizer 

Suspending  Medium 

Run  No. 

Triple-Jet, 

Distilled  water 

32.2 

2%  inch 

32.1 

Mixer 

32.3 

32.4 

Chicago 

5  per  cent  dex- 

47.2 

No.  2, 

trin  in  dis- 

42 

2  5  inch 

tilled  water 

48. 1 

Mixer 

47.1 

Chicago 

2  per  cent  gel- 

A36.1 

No.  28, 

atin  No.  275 

A36.2 

1  inch 

in  distilled 

A  36. 3 

mixer 

water 

A36.4 

A37.1 
A37.2 
A  37. 3 


A3S.1 

A3S.2 

A38.3 

A38.4 

*A42 . 1 
A42.2 
A42.3 
A42.4 
A43. 1 
A43.2 
A43.3 

- -  I 

*  The  batch  of  gelatin  No.  275  used  m 
used  in  the  preceding  runs. 


Primary  Air 
(Atomizer) 

Second¬ 
ary  Air 
j  (Mixer) 

1  Fluid 
Flow 

R.H. 

Nominal 

Recovery 

p.s.i. 

l./min. 

l./min. 

gut./ 

min. 

per  cen 

per  cent 

7 

13.3 

60 

0.45 

35 

2.3 

10 

:  17.3 

60 

0.93 

54 

3.1 

12 

19.3 

60 

1.23 

59 

3.5 

14 

21.0 

60 

1.51 

92 

4.6 

S 

9. 1 

35 

0.22 

_ 

5.8 

10 

10.1 

40 

0.24 

41 

7.3 

13 

11.8 

45 

0.34 

— 

7.7 

15 

13.0 

50 

0.43 

— 

11.9 

7 

12.5 

50 

0.52 

59 

17. S 

8 

13.8 

52 

0.64 

53 

22.7 

9 

14.3 

57 

0.78 

53 

24.0 

10 

15.2 

61 

0.92 

59 

28.4 

11 

15.7 

63 

0.99 

61 

32.9 

12 

16.0 

66 

1.18 

56 

27.8 

13 

16.9 

69 

1.32 

60 

46.7 

14 

17.0 

72 

1 .42 

59 

40.5 

14 

17.0 

72 

1.18 

57 

49.0 

15 

17.5 

76 

1.35 

60 

50. 9 

16 

18.0 

79 

1.45 

71 

56.0 

17 

18.7 

82 

1.58 

70 

40.5 

7 

12.5 

50 

0.45 

78 

31.1 

9 

14.3 

57 

0.72 

66 

40.0 

11. 

15.7 

63 

0.97 

63 

50.7 

13 

16.9 

68 

1.10 

66 

58.8 

15 

17. 5 

70 

0.88 

65 

53.1 

17 

18.7 

75 

1.58 

74 

26. 5 

19 

19.6 

7S 

1 

1.70  j 

82 

8.7 

runs  A42  and  A43  was  different  from  that 
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izer  with  a  one  inch  mixing  chamber,  and  suspensions  of  S.  marcescens 
in  a  2  per  cent  gelatin  solution  which  had  been  found  superior  to  other 
suspending  media  (see  Chapter  1G).  A  new  batch  of  this  gelatin  used 
in  the  last  series  (runs  A42  and  A43)  is  believed  responsible  for  the 
higher  yields  in  that  series. 

The  increased  yield  as  the  atomizer  air  pressure  rose  from  7  to  about 
15  pounds  per  square  inch  appears  to  be  linear  (fig.  39).  Nominal 
recoveries  in  the  range  of  14  to  1G  pounds  per  square  inch  were  found  to 


Figure  39.  The  atomizer  air  pressure  effect  with  Serratia  marcescens 


be  about  twice  as  high  as  the  best  values  obtained  in  the  usual  piessuie 
range,  7  to  10  pounds.  These  are  the  highest  recovery  values  obtained 
in  this  work  with  a  non-sporulating  agent,  and  approach  those  obtained 
at  lower  pressures  with  the  spores  ol  B.  globigii. 

In  both  sets  of  experiments  the  nominal  recovery  was  found  to  lhe 
to  a  maximum  at  a  pressure  ol  14  to  16  pounds  and  then  to  fall  oil,  the 
decline  being  well  marked  in  the  second  series,  in  which  the  piessuie  va. 
increased  to  as  much  as  19  pounds.  No  alteration  in  atomizer  per- 
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formance  could  be  observed,  by  inspection  in  a  Tyndall  beam,  to  explain 
this  phenomenon;  and  the  progressive  rise  in  fluid  flow  up  to  the  maxi¬ 
mum  pressure  used  likewise  suggests  that  the  atomizer  was  performing 
normally. 

The  experiments  summarized  in  table  11  were  set  up  in  an  effort  to 
explain  the  atomizer  air  pressure  effect  in  terms  of  particle  size,  with 
special  reference  to  the  zone  of  maximum  recovery.  Particle  size  dis¬ 
tribution  was  estimated  by  the  method  described  in  Chapter  5,  with  the 
aid  of  a  calibrated  eyepiece  graticule.  The  resulting  values  for  mass 
median  diameter  (MMD)  are  lower  than  those  given  in  Section  IV, 
which  were  obtained  earlier  by  an  indirect  method.  The  values  in  table 
11  are  believed  to  represent  the  actual  particle  size  distribution  of  the 
cloud  more  accurately. 


Serratia  marcescens  was  sprayed  from  suspension  in  2  per  cent  gelatin 
at  pressures  ranging  from  13  to  19  pounds  per  square  inch,  in  one  series 
using  the  organisms  alone,  in  another  with  phenol  red  as  tracer. 

The  data  do  not  explain  the  atomizer  air  pressure  effect.  They  do  not 
extend  over  a  range  sufficient  to  indicate  that  the  increased  recovery 
vith  lising  piessuie  up  to  the  maximum  is  associated  with  a  decrease  in 
the  mass  median  diameter  of  the  cloud.  Two  opposing  forces  may  be 
assumed  to  operate  within  this  range.  As  the  air  pressure  is  increased 
the  velocity  and  hence  the  shearing  action  of  the  air  stream  at  the  jet 
rises,  tending  to  produce  finer  particles.  But  the  fluid  flow  also  increases 
and  the  increased  bulk  of  fluid  would  be  expected  to  break  up  into 
coarser  particles.  Ao  basis  for  prediction  of  the  resultant  of  these 
iorces  is  known  in  the  absence  of  more  complete  experimental  data. 

ie  findings  in  table  1 1  for  S.  marcescens  suggest  that  the  cloud  MMD 
may  increase  as  the  pressure  is  raised  beyond  the  point  of  maximum 

no ri'n'  ,  “  "Tease  in  particle  size-  suggesting  that  a  critical 

point  n  atomizer  performance  may  have  been  passed,  might  explain 

he  fall  in  recovery  with  higher  pressures.  The  particle  size  data  for 
Pheno  red  sprayed  along  with  the  organisms  in  experiment  A47  on  the 
othei  hand,  do  not  conform  with  this  hypothesis,  since  the  recovery  was 
found  to  increase  as  the  MMD  increased  J  "as 

These  fragmentary  data  emphasize  the  need  for  a  fundamental  study 
of  the  physics  ot  atomizer  performance.  It  seems  probable  that  ( ’IV  .  ' 
atomizers  could  be  operated  with  significantly  ..ro,t  m  •  ,ago 
that  obtained  under  the  conditions  7,1  ?  ,  8 efficiency  than 
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induce  a  large  proportion  of  the  loss  sustained  by  viable  agents  during 
atomization. 


TABLE  11 

Data  from  Two  Experiments  on  the  Interrelationship  of  the  Atomizer  Air  Pressure 
Effect  and  the  Particle  Size  Distribution  of  Serratia  marcescens  and 

Phenol  Red  Clouds 

t  hieago  atomizer  Xo.  28  with  one  inch  mixing  chamber  used.  Suspensions  in 
2  per  cent  gelatin  Xo.  275  in  distilled  water.  S.  marcescens  and  phenol  red  sprayed 
simultaneously  in  run  A47. 


Cascade  Impactor  Data 

Primary  Air 

Second¬ 
ary  Air 
(Mixer) 

Fluid 

R.H. 

Nomi¬ 

nal 

Cumulative  Mass  pc 

(Atomizer) 

Flow 

Recov¬ 

ery 

Impin- 

Slide 

MMD 

ger 

D 

C 

B 

Serratia  marcescens 


p.s.i. 

l./m 

in. 

l./min. 

urn./ 

min. 

per 

cent 

per  cent 

0A~n* 

1.1Z 

M* 

1.8  Zn* 

2.8811* 

A46 

1 

13 

16 

9 

68 

1.22 

64 

30 

2 

21.4 

37 

2 

60.1 

86.2 

1 

50 

A46 

2 

15 

17 

5 

75 

1.49 

65 

37 

8 

27.2 

52 

1 

72.9 

90.8 

1 

05 

A46 

3 

17 

IS 

7 

74 

1.74 

70 

45 

7 

15.1 

31 

1 

60.0 

89.6 

1 

57 

A46 

4 

19 

19 

6 

78 

1.95 

74 

36 

2 

6.4 

20 

8 

53.3 

87.7 

1 

77 

A47 

1 

13 

16 

9 

68 

1.18 

75 

52 

5 

10.7 

24 

4 

48.2 

82.4 

1 

.86 

A47 

2 

17 

18 

7 

75 

1.69 

77 

44 

0 

7.9 

17 

9 

43.3 

81.3 

1 

.97 

Phenol  Red 


A47.1 

13 

16.9 

68 

1  1.18 

75 

70.0  26.8 

52.2 

61.6 

85.6 

1.34 

A47.2 

17 

18.7 

75 

1.69 

77 

86.0  24.2 

35.4 

55.7 

84.0 

1.61 

*  These  values  are  individual  mass  median  diameters  for  the  intermediate 
stages  of  the  cascade  impactor,  obtained  as  the  averages  of  slide  counts  made 
with  a  calibrated  graticule. 
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CONSTRUCTION, 


CALIBRATION  AND 
ATOMIZERS 


USE  OF  CHICAGO 


Notes  on  Design  and  Construction 

Chicago  atomizers  are  blown  from  Pyrex  glass  tubing.  The  body  is 
made  of  tubing  of  10  mm.  inside  diameter,  the  primary  air  side  arm  of 
5  mm.  tubing,  and  the  fluid  line  from  heavy  walled  capillary  tubing  wit  i 
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a  bore  of  about  1.5  mm.,  the  fluid  tip  itself  being  formed  from  an  at¬ 
tached  piece  of  standard  5  mm.  tubing  drawn  to  a  capillary.  A  body 
length  of  at  least  inches  is  allowed  between  the  air  side  arm  and  the 
tip  for  introduction  through  a  rubber  stopper  into  the  mixing  chamber. 
The  thin  portion  of  the  fluid  capillary  is  kept  as  short  as  possible  to 
prevent  vibration  of  the  fluid  line  during  operation.  Centering  of  the 
fluid  jet  is  accomplished  either  by  inspection,  while  completing  the  seal 
at  the  rear,  or  by  drawing  both  the  air  jet  taper  and  the  fluid  capillary 
finer  than  required,  so  that  the  capillary  may  be  lightly  wedged  into  the 
air  tip  before  the  rear  seal  is  made.  The  fluid  jet,  or  both  fluid  and  air 
jets,  are  then  carefully  broken  off  just  beyond  the  required  point.  The 
tip  is  finished  by  grinding  on  a  ground  glass  plate  with  fine  carborundum 
in  glycerin  until  both  jets  are  smooth  and  flush. 

An  attempt  to  establish  fixed  relationships  between  fluid  jet  and  air 


TABLE  12 


Empirical  Relationship  of  Fluid  Flow  to  Diameters  of  Fluid  Jet  and  Air  Jet  in 
Chicago  Atomizers  Operated  at  a  Primary  Air  Pressure  of  10  Pounds 

per  Square  Inch 


Fluid  Flow 

Fluid  Jet  Diameter 

Air  Jet  Diameter 

ml. /min. 

mm. 

mm. 

0.2-0. 5 

0.15-0.25 

1 .2 

0.5-1. 5 

0.25-0.3 

2.1 

1. 5-4.0 

0.3  -0.4 

1.2 

4. 0-8.0 

0.4  -0.5 

2.2 

jet  diameteis  and  fluid  flow  and  air  flow  has  not  been  successful.  Em¬ 
pirically,  however,  the  data  given  in  table  12  have  been  found  to  hold 
true.  These  data  make  it  possible  to  construct  atomizers  to  meet 
desired  specifications  within  satisfactory  limits. 


Calibration 

Restriction  of  Fluid  Flow.  Since  the  Chicago  atomizers  are  hand- 
blown  individually,  no  two  are  ever  quite  alike  in  their  working  char¬ 
acteristics  Each  instrument  must  therefore  he  identified  and  sepa- 

pen  ii  TndTCfi  vi  fl  m,ml>Cr  b  marked  °»  *  with  a  diamond 

wit  11,7  1  ? 1 V  Z  ?T  a  range  of  inPut  ail’  Pressures  determined 

the  aid  ol  the  fluid  flowmeter  described  in  Chapter  4  Airflow 

nder  the  same  conditions  is  determined  by  means  of  a  w et-test mete  " 

Instruments  with  satisfactory  characteristics  are  selected  and  opiated 
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dry  in  one  or  both  chambers,  so  as  to  calibrate  a  flowmeter  on  the  control 
panel. 

Primary  airflow  is  not  a  critical  characteristic,  although  it  is  desirable 
in  facilitating  the  control  of  humidity  in  the  chamber  that  it  be  kept 
below  about  10  liters  per  minute  under  standard  operating  conditions. 
Fluid  flow  is  a  more  important  criterion  for  the  selection  of  atomizers. 
It  may  be  seen  from  figure  22  that  in  order  to  obtain  a  relative  humidity 
in  the  chamber  ot  35  to  45  per  cent,  with  a  total  airflow  not  in  excess  of 
100  liters  per  minute,  the  atomizer  fluid  flow  must  lie  held  within  the 
limits  0.5  to  0.85  ml  per  minute.  With  practice  an  increasing  propor¬ 
tion  of  atomizers  can  be  made  so  as  to  operate  within  these  limits;  but  a 
considerable  number  of  otherwise  satisfactory  instruments  are  found  to 
have  higher  rates  ol  fluid  flow.  An  accumulated  supply  of  atomizers 
that  had  been  discarded  lor  this  reason  has  been  reclaimed  and  used  by 
restricting  the  fluid  flow  with  the  aid  of  a  fine  capillary  tube  placed  behind 
the  fluid  inlet.  Atomizers  with  a  fluid  flow  rate  in  excess  of  0.85  ml  per 
minute  are  thus  recalibrated  with  one  of  a  series  of  such  capillaries, 
themselves  numbered  for  identification,  and  suitable  combinations 
selected  for  use.  This  procedure  has  simplified  the  problem  of  replace¬ 
ment  after  breakage. 

Assembly,  Cleaning  and  Handling.  The  atomizer  is  assembled  in  a 
mixing  chamber  as  shown  in  figures  32  and  33,  and  mounted  for  use  in 
the  cloud  chamber  on  a  small  ring  stand,  which  supports  the  mixing 
chamber  and  the  atomizer  reservoir  independently  (see  fig.  19).  The 
primary  and  secondary  air  lines  are  completed  with  rubber  tubing  conn¬ 
ections,  with  the  former  line  carrying  a  glass  wool  filter  to  trap  particles 
of  lubricant  from  the  chamber  valves.  The  fluid  line  is  connected  by 
means  of  a  short  length  of  soft  rubber  tubing  to  the  stem  of  the  reservoir 
bottle.  When  a  capillary  restrictor  is  used  it  replaces  the  reservoir  stem. 
Both  stem  and  atomizer  fluid  inlet  should  be  cut  square  and  carefully  fire 
polished  so  that  they  may  be  butted  against  each  other  to  avoid  t  he  pre¬ 
sence  of  an  air  pocket  which  may  block  aspiration  in  the  atomizei . 

After  a  run,  as  noted  previously  (Chapter  5),  the  atomizer-mixer  as¬ 
sembly  is  removed  from  the  ring  stand  and  placed  on  the  floor  of  the 
chamber  before  steam  sterilization,  with  its  rubber  connections  remov ed, 
to  avoid  having  it  overturned  and  broken  by  entering  steam.  The 
atomizer-mixer  assembly  is  best  cleaned  and  prepared  for  another  run 
without  further  disassembly.  To  avoid  damage  to  the  rubber  stopper, 
dishwashing  compound  (“KOL”:  sec  Chapter  20)  is  preferable  for  this 
purpose  to  chromic  acid  cleaning  mixture,  although  the  latter  may  be 
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used  by  aspirating  the  solution  into  the  atomizer  air  and  fluid  lines. 
With  either  cleaning  solution  thorough  final  rinsing  with  distilled  water 
is  necessary  to  remove  traces  ol  acid  or  alkali.  Before  such  rinsing  it  is 
advisable  to  force  tap  water  through  the  air  and  fluid  lines  under  pres¬ 
sure.  The  atomizer  is  finally  dried  with  C.P.  acetone  on  a  vacuum  line. 

SUMMARY  OF  SECTION  III 

This  Section  presents  a  survey  of  available  information  on  atomizers 
of  all  types,  compiled  from  the  literature,  from  industrial  sources,  and 
from  the  writers’  data  and  experience.  Atomizers  are  classified  and 
their  distinctive  features  described.  Individual  instruments  constitut¬ 
ing  a  representative  group  are  described  in  detail.  A  discussion  of 
certain  principles  of  atomizer  design  as  they  bear  on  performance  is 
given.  It  is  noted  that  fundamental  knowledge  in  this  field  is  still 
rudimentary. 

The  atomization  of  labile  agents  is  considered  as  a  special  phase  of  the 
general  problem.  The  possible  factors  involved  in  the  considerable 
losses  known  to  occur  during  atomization  of  such  agents  are  listed  and 
their  probable  significance  discussed.  Data  are  presented  from  the 
writers’  laboratory  on  comparative  studies  of  atomizers  of  different  types 
used  to  produce  clouds  of  Scrratia  marcescens  and  other  agents.  On  the 
basis  ot  these  findings,  an  all -glass,  direct-spray,  peripheral  air-jet 
atomizer  has  been  selected  as  more  suitable  for  studies  of  air-borne 
infection  than  another  direct-spray  instrument  or  certain  indirect-spray 
“nebulizers.” 

Experiments  are  presented  which  indicate  that  with  these  selected 
diiect-spiay  atomizers,  the  nominal  recovery  ol  S.  marcescens  increases 
as  input  air  pressure  is  increased  up  to  an  apparently  critical  level. 
Preliminary  studies  of  particle  size  distribution  do  not  indicate  that 
such  increased  recovery  is  due  to  decreasing  particle  size. 

Details  are  given  on  the  construction,  calibration  and  handling  of  the 
selected  atomizers. 


Section  IV 

Miscellaneous  Basic  Data 

11 

MIXING  CHAMBERS  FOR  SECONDARY  AIR 

As  has  been  noted  above  (Chapters  4,  7),  the  method  of  operation  of 
the  cloud  chamber  adopted  in  this  work  makes  use  of  two  major  sources 
ot  aii  flow  through  t lie  chamber.  The  first  (primary  air)  operates  the 
atomizer  itself.  Filtered  room  air  has  generally  been  used  in  the  pri¬ 
mary  line.  The  other  (secondary  air),  employed  in  larger  volume,  is 
diied,  saturated  with  water  vapor,  or  humidified  to  an  intermediate 
degree,  and  serves  both  to  control  the  relative  humidity  in  the  chamber 
and  to  establish  the  total  rate  ol  airflow  through  the  system. 


MIXING  CHAMBER  DESIGN 

Experience  with  a  series  of  mixing  chambers  of  different  shape  and 
size  has  shown  that  the  major  problems  of  mixing  chamber  design 
depend  upon  the  use  ol  dried  secondary  air  in  order  to  induce  instanta¬ 
neous  drying  of  the  cloud  as  it  is  atomized,  and  thereby  to  promote 
ambiency.  This  requirement  is  probably  more  essential  with  direct- 
spray  atomizers  than  with  nebulizers,  because  of  the  larger  initial  drop 
size  of  the  former.  If  it  were  not  necessary  to  dry  the  cloud  instanta¬ 
neously  it  would  probably  matter  little  where  or  how  the  secondary  air 
entered  the  cloud  chamber.  Given  the  need  for  drying,  however,  the 
two  conditions  that  govern  the  design  of  a  mixing  chamber  seem  to  be: 
(a)  the  secondary  air  must  be  introduced  near  the  atomizer  jet  in  such  a 
wray  as  to  promote  turbulence  in  the  plume  and  thus  insure  mixing  of  the 
two  streams;  and  (b)  the  mixing  operation  must  be  accomplished  without 
undue  losses  due  to  impingement  of  atomized  particles  on  the  walls  ol 
the  mixing  chamber. 

The  first  mixing  chamber  tried  was  a  one-liter  spherical  Pyrex  flask 
with  a  short  neck,  in  which  an  opening  about  2  cm.  in  diameter  was 
blown  about  45°  from  the  bottom  pole.  The  atomizer  was  inserted 
through  a  stopper  in  the  mouth  ol  the  flask,  and  the  secondary  air  was 
introduced  through  a  side  arm  attached  to  the  neck  at  a  right  angle,  w  itli 
its  orifice  about  two  inches  behind  the  atomizer  tip.  This  assembly 
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permitted  effective  drying  of  the  cloud:  no  condensate  appeared  m  the 
flask  during  operation;  but  impingement  losses  on  the  inner  surface  ot 

the  mixing  chamber  were  excessive. 

A  cylindrical  mixing  chamber  was  then  tried  in  order  to  stud}  tin 
influence  of  secondary  air  on  the  form  of  the  atomizer  plume.  1  his  was 
done  by  observation  in  a  Tyndall  beam  of  a  cloud  produced  by  atomiza¬ 
tion  of  a  1  per  cent  solution  of  methylene  blue.  1  he  mixing  chamber 
was  a  glass  cylinder  2\  inches  in  diameter,  with  one  end  open  and  the 
other  closed  with  a  rubber  stopper  through  which  the  atomizer  was 
inserted.  Secondary  air  was  introduced  through  a  side  arm  placed,  as 
before,  behind  the  atomizer  tip.  Mixing  cylinders  of  different  lengths 
were  compared,  and  the  effect  of  a  single  secondary  air  inlet  placed 
radially  was  compared  with  that  of  one  or  more  inlets  placed  tangentially. 
Tangential  inlets,  arranged  to  produce  a  swirling  cloud,  were  abandoned 
when  it  appeared  that  the  consequent  centrifugal  effect,  deposited  large 
amounts  of  dye  on  the  inner  surface  of  the  cylinder.  The  single  radial 
side  arm  did  not  have  this  effect.  A  cylinder  length  of  5  inches,  with  the 
atomizer  tip  placed  at  approximately  the  mid-point  and  about  one  inch 
beyond  the  secondary  air  inlet,  was  adopted  as  apparently  optimum. 
I  nder  these  conditions  little  dye  was  seen  to  collect  on  the  mixing 
chamber,  whereas  with  longer  cylinders  large  amounts  collected  beyond 
the  5-inch  line.  Observations  with  this  x  5  inch  mixing  chamber, 
using  a  triple-jet  atomizer  which  produced  particles  easily  visible  in  a 
Tyndall  beam,  showed  that  the  atomizer  plume  is  largely  concentrated 
as  a  narrow  beam  within  the  mixing  chamber,  with  a  radius  of  about  2 
cm.  as  it  issues  from  the  mouth.  Beyond  this  point  it  diverges  rapidly, 
so  that  at  about  8  inches  from  the  mouth  it  appears  to  form  a  uniform 
doud  of  indeterminate  size.  Within  the  mixing  cylinder  the  Tyndall 
beam  disclosed  particles  with  violent  turbulence  superimposed  on  the 
forward  velocity,  chiefly  concentrated  in  the  central  beam,  but  occurring 
in  much  lower  concentration  throughout  the  diameter  of  the  mixer. 
A\  ith  as  little  as  40  liters  per  minute  of  dry  air  and  a  fluid  flow  of  1  ml 
per  minute,  collection  of  the  spray  on 'glass  plates  showed  it  to  be  still 
wet  at  the  mouth  of  the  mixer,  but  apparently  dry  G  to  8  inches  beyond 

the  mouth.  No  visible  condensation  occurred  on  the  mixer  or  elsewhere 
under  these  conditions. 

The  21  inch  mixer  as  described  thus  appeared  satisfactory  and  was 
adopted  m  the  earher  studies  with  viable  agents,  assembled  first  with  a 
ti lple-jet  atomizer  and  later  with  Chicago  atomizers.  In  the  course  of 
subsequent  stud.es  on  total  recovery  with  phenol  red,  however  (see 
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Chapter  14),  it  became  apparent  that  impingement  losses  with  this 
nnxmg  chamber  were  still  excessive.  A  smaller  chamber  was  therefore 
devised.  I  he  new  instrument  (the  one  inch  mixer)  is  a  glass  cylinder 
one  inch  in  diameter  and  2  to  3  inches  long,  with  two  opposing  radial 
inlet  tubes  placed  close  to  the  stoppered  end.  This  arrangement  of 
opposing  inlets  for  secondary  air  was  found  necessary  to  avoid  deflection 
of  the  issuing  air  stream  and  the  atomizer  plume.  The  atomizer  is 
inserted  through  the  stopper  with  its  tip  |  inch  or  less  within  the  open 
end  of  the  mixer.  Comparative  data  on  impingement  losses  of  phenol 
led  with  the  24  inch  and  one  inch  mixing  chambers  are  given  in  table  13. 
It  may  be  seen  that  with  the  one  inch  mixer,  impingement  losses  were 
viitually  eliminated  and  the  proportion  ot  cloud  recovered  markedly 
increased.  Additional  comparative  data  on  recovery  with  the  two 
mixers  are  given  in  Section  V.  It  will  be  seen  that  the  increase  in 


TABLE  13 


Data  on  Impingement  on  the  Mixing  Chamber  and  on  Nominal  Recoverig  in  Cloud 
Chamber  Experiments  with  PhenolRed,  Using  Two  Diflerent  Mixing  Chambers 
Values  are  in  terms  of  percentage  of  cloud  sprayed 


2\  inch  Mixing  Chamber 

1  inch  Mixing  Chamber 

Run  Number . 

1 

2 

3 

4 

Impinged  on  mixing  chamber . 

Nominal  recovery . 

39.8 

30.2 

42.7 

42.3 

0.0 

86.5 

0.2 

87.3 

recovery  with  the  one  inch  mixer  obtained  with  viable  agents  has  not 
generally  been  as  great  as  that  obtained  with  phenol  red;  but  its  per¬ 
formance  has  been  consistently  superior  to  that  of  the  24  inch  mixer. 

A  inch  mixing  chamber  assembled  with  a  triple-jet  atomizer  is 
shown  in  figure  30;  the  Chicago-atomizer-one  inch  mixer  assembly  is 
shown  in  figures  32  and  33. 
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CLOUD  SAMPLING  DEVICES 


The  small  flask  impinger  adopted  for  use  as  a  cloud  sampling  device 
has  been  described  in  Chapter  4,  and  is  illustrated  in  figures  40  and  41. 
Selection  of  this  device  was  governed  by  several  considerations.  It. 
seemed  necessary,  first,  to  use  a  uniform  sampling  method  applicable 
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to  the  collection  of  all  agents,  including  those  readily  cultivated  on 
ordinary  media  and  those  incapable  ol  such  cultivation,  such  as  viruses. 
This  requirement  called  lor  a  fluid  collector  rather  than  an  instrument 
which  collects  directly  on  poured  agar  surfaces.  It  was  necessary, 
moreover,  to  utilize  a  collecting  device  that  could  be  operated  at  low 
rates  of  airflow,  which  v'ould  form  only  a  small  part  of  the  total  flow 
through  the  chamber.  Since  most  fluid  collectors  developed  and  used 
in  previous  studies  of  air-borne  infection  operate  at  flow  rates  up  to  1  cu. 


Figure  40.  Capillary  impinger,  all-glass  ground-joint  type 

ft,  (28.3  liters)  per  minute,  and  cannot  easily  be  made  to  work  at  much 
lower  rates  of  flow,  they  seemed  inapplicable.  The  impinger  seemed 
to  meet  both  these  requirements,  and  offered  the  further  noteworthy 
advantage  that,  since  it  acts  as  a  limiting  orifice,  it  may  be  used  without 
a  flowmeter.  Since  in  studies  with  highly  infective  agents  it  would  be 
necessary  to  sterilize  sampling  flowmeters  after  use,  a  troublesome 
operation  would  thereby  be  avoided.  In  view  of  the  successful  use  of 
ngh-flow  impingers  for  bacterial  cloud  sampling  by  Henderson  and  Ids 

the" writers ’  8 '  I9’  0)’  tGSt  i  0i  the  USefulness  of  ^Pingers  adapted  to 
the  w i iters  needs  were  undertaken. 
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COMPARATIVE  STUDIES  OF  SAMPLERS 

The  purpose  of  these  studies  was  to  find  a  sampling  device  suitable 
loi  use  with  the  cloud  chamber  equipment  described.  For  the  reason 
gi\en  in  the  preceding  paragraph,  tests  were  not  undertaken  with 
samplers  that  utilize  a  poured  agar  surface;  and  even  fluid  collectors 
could  not  be  tested  adequately  for  the  most  part  because  of  their  high 
airflow .  A  few  initial  tests  suggested  that  the  impinger  could  be  adopted 
as  a  satisfactory  collector.  Subsequent  experiments  on  samplers  were 


Figure  41.  Capillary  impinger,  rubber-stopper  type  (standard),  employing 
a  125  ml  filtering  flask. 


therefore  limited  to  impingers  and  designed  to  determine  their  sampling 
efficiency  and  their  operating  characteristics. 

The  sampler  chosen  for  these  initial  comparisons  was  the  atomizing 
device  of  Moulton,  Puck  and  Lemon  (38).  This  instrument  has  been 
considered  one  ol  the  most  efficient  of  fluid  collectors  toi  bacteiia  (see 
DuBuy,  Hollaender  and  Lackey,  8).  Moulton  collectors  were  available 
which  operated  at  an  acceptable  rate  of  air  flow,  about  5  liters  per 
minute.  They  were  compared  with  impingers  having  an  airflow  of 
about  2.5  liters  per  minute,  by  operating  two  of  each  type  simultane- 
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ously  on  parallel  lines  in  runs  with  Serratia  marcescens.  The  results, 
given  as  averages  in  table  14,  were  accepted  as  indicating  that  the 
Moulton  sampler  is  not  superior  to  the  impinger. 

A  single  comparison  of  capillary  impingers  with  dry  cotton  filter 
collectors,  using  S.  marcescens,  is  given  in  table  15,  along  with  three 


TABLE  14 

Recover y  of  Serratia  marcescens,  Sprayed  from  Suspension  in  Distilled  Water,  in 
Moulton  Atomizer  Samplers  and  in  Impinger  Samplers* 


Run  No. 

Concentration  Sprayed 

Concentration  Recovered 

Moulton  Samplers 

Impingers 

organisms /ml. 

organisms/liter 

organisms  /liter 

1 

8.5  X  10s 

7.4  X  104 

4.1  X  10* 

2 

1.1  X  109 

2.0  X  105 

5.3  X  10B 

3 

9.2  X  108 

1.1  X  105 

7.0  X  104 

4 

1.2  X  109 

1.5  X  105 

3.4  X  105 

Averages . 

1.0  X  109 

1.3  X  105 

3.4  X  105 

*  Collecting  medium  used  throughout,  gelatin  diluent  with  olive  oil. 


TABLE  15 


Recovery  of  Serratia  marcescens  and  of  Bacillus  globigii  Spores,  Sprayed  from 
Suspension  in  Distilled  II  ater,  in  Impinger  Samplers  and  on  Cotton 

Filter  Samplers 


Run  No. 

Agent 

Concentration 

Concentration  Recovered 

Impingers 

Cotton  Samplers 

1 

S.  marcescens* 

organisms/ml. 

7.3  X  108 

organisms  tiler 

1.8  X  104 

organisms /liter 

7.2  X  10‘ 

2 

B.  globigii  sporesf 

8.5  X  108 

3.8  X  105 

3.6  X  10« 

3 

B.  globigii  sporesf 

1.2  X  109 

5.1  X  105 

4.1  X  10s 

4 

B.  globigii  sporesf 

1.2  X  10° 

% 

1.6  X  106 

1.7  X  106 

*  Collecting  medium  in  impingers,  gelatin  diluent  with  olive  oil. 
t  Collecting  medium  in  impingers,  distilled  water. 


trials  in  which  these  two  collecting  devices  were  compared  in  runs  with 
Bacillus  globigii  spores.  Airflow  through  the  cotton  samplers  was 
regulated  by  means  of  calibrated  capillary  orifices  placed  downstream 
A  ter  a  ,  ,m  the  cotton  was  shaken  in  20  ml  of  the  medium  corresponding 
that  used  in  the  impingers,  and  aliquots  were  plated  in  the  usual 
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."  ay;  1  h*  findings  indicate  that  the  cotton  sampler  is  virtually  worth¬ 
less  lor  collection  of  the  labile  agent,  but  that  it  is  about  as  satisfactory 
as  the  impinger  lor  collection  of  spores.  Cotton  is  an  efficient  filter  for 
microorganisms,  but  it  appears  to  be  destructive  to  vegetative  forms 
tor  unknown  reasons.  The  correspondence  of  the  values  for  spores 
recovered  in  impingers  and  in  cotton  samplers  is  taken  as  further  evi- 
dence  that  the  former  are  satisfactory  collectors. 

PERFORMANCE  OF  IMPINGER  SAMPLERS 

The  data  in  table  16  are  from  a  single  run  with  S.  Marcescens,  in  which 
6  impingers  were  operated  in  pairs.  One  member  of  each  pair  con¬ 
tained  glass  beads,  as  recommended  for  use  with  a  fluid  bubbler  collector 
by  Wheeler,  Foley  and  Jones  (66).  The  other  impinger  did  not  contain 
beads.  The  data  do  not  indicate  that  beads  increase  the  efficiency  of 


TABLE  16 

Concentration  of  Serratia  marcescens  Recovered  in  Parallel  Pairs  of  Impinger 
Samplers,  with  and  without  Glass  Beads,  in  a  Single  Cloud  Chamber  Run 


Impinger  Pair  Number 

Cloud  Recovered  in  paired  impingers  containing  25  ml.  gelatin 
diluent  +  4  drops  olive  oil 

With  80  gm.  4  mm.  glass  beads 

Without  glass  beads 

organisms  per  liter 

organisms  per  liter 

1 

4.8  X  105 

5.2  X  105 

9 

4.2  X  105 

3.6  X  105 

3 

3.1  X  105 

3.6  X  105 

collection  in  impingers.  DuBuy,  Hollaender  and  Lackey  (8)  have 
likewise  reported  that  beads  are  unnecessary  in  bubbler  collectors  of  the 
Hollaender  type. 

A  measure  of  the  efficiency  of  impinger  samplers  is  given  by  the  data 
in  table  17.  It  may  be  noted  that,  since  impingers  act  as  critical  orifices, 
they  cannot  be  tested  effectively  in  series  because  the  rate  of  flow  through 
a  series  of  critical  orifices  is  reduced  to  or  below  that  of  any  one  of  the 
orifices  in  the  series.  In  the  experiment  summarised  in  table  17,  a 
cotton  filter  collector,  which  offers  negligible  resistance  to  airflow,  was 
placed  downstream  of  each  impinger  in  a  run  with  B.  globigii  spores. 
Under  these  conditions  the  characteristic  airflow  through  the  impingers 
was  not  altered.  The  cotton  samplers  were  treated  for  plating  as  before. 
Organisms  recovered  in  25  ml  of  water  in  the  impingers  were  compared 
with  the  total  recovery  in  each  impinger-filter  pair.  The  results  indicate 
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that  the  impingers  are  95  per  cent  efficient  or  better  under  these 
conditions. 

It  was  formerly  the  practice  in  this  laboratory  to  wash  down  the 
stems  of  impingers  before  plating  their  fluid  contents,  on  the  assumption 
that  significant  concentrations  of  agents  may  be  trapped  in  the  stem 
above  the  capillary.  The  stems  were  washed  by  aspirating  the  impinger 
fluid  into  the  stem  and  then  forcing  it  out,  three  times  successively. 
When  done  with  a  rubber  bulb  attached  alternately  to  the  two  openings 
of  the  impinger,  this  procedure  is  time  consuming  and  potentially  dan¬ 
gerous  to  the  operator.  A  disinfectant  trap  device  attached  to  the 
laboratory  vacuum  line  was  therefore  constructed  and  used  to  permit 
washing  impinger  stems  in  a  completely  closed  system.  Subsequent 
studies,  however,  made  with  both  S.  marcescens  and  B.  globigii  to  deter- 


TABLE  17 


Efficiency  of  Imjpinger  Samplers,  Using  Distilled  Water  as  Collecting  Medium, for 
Recovery  of  Bacillis  globigii  Spores,  as  Determined  with  Cotton  Filter 
Samplers  Placed  Downstream 


Impinger  No. 

Total  Recovered  from 
Impinger  in  25  ml. 

Total  Recovered 
from  Filter  Shaken  in  20 
ml.  of  Distilled  Water 

Impinger/Total 

13 

4.9  X  10° 

1.1  X  105 

per  cent 

97.8 

52 

5.4  X  106 

6.5  X  104 

9S.2 

56 

5.7  X  106 

1.1  X  10s 

98.1 

60 

5.3  X  106 

2.9  X  105 

94.8 

7S 

7.3  X  106 

8.6  X  104 

98.8 

mine  the  losses  that  might  result  il  the  practice  of  stem  washing  were 
eliminated,  yielded  the  data  presented  in  table  18.  For  these  tests  the 
stems  were  washed  with  10  ml  ot  gelatin  diluent*  and  the  organisms 
recovered  in  this  volume  were  compared  with  those  recovered  in  25  ml 
ot  the  same  medium  in  the  impingers.  The  results  indicate  that  the 
errors  involved  in  the  practice  of  stem  washing  are  insignificant,  and  the 
step  was  thereafter  discontinued. 


As  noted  previously  (Chapter  4),  impingers  have  been  used  in  tins 
work  with  the  capillary  orifice  placed  at  least  4  mm.  (usually  about  5 
mm.)  above  the  floor  ol  the  container,  but  dipping  at  least  5  mm.  into 
the  collecting  fluid.  The  basis  for  this  practice,  given  in  table  In 


*  See  Chapter  16. 
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indicates  that  the  sampler  operates  as  a  bubbler  rather  than  as  an 
impinger  in  the  strict  sense.  The  data  show  that  these  samplers  operate 
equally  well  with  the  orifice  45  mm.  from  the  bottom  as  compared  with 
5  mm"  Provided  that  it  remains  covered  with  fluid,  but  that  collection 
may  be  somewhat  less  efficient  when  the  orifice  is  placed  1  mm.  or  less 
irom  the  glass  surface.  Destruction  under  impact  with  the  glass  surface 


TABLE  18 

Recovery  from  the  Stems  of  Impingers,  as  Compared  with  Impinger  Fluid,  in  Runs 
_ Serratia  marcescens  and  Bacillis  globigii  Spores 


Agent 

Impinger  No. 

Calculated  total  organisms 
recovered  from 

Recovered  from 
Stem 

25  ml.  Gelatin 
Diluent 
in  Impinger 

Stem,  Washed 
with  10  ml. 
Gelatin  Diluent 

S.  marcescens* 

50 

4.7  X  106 

1.1  X  103 

per  cent  of  total 

0.023 

60 

4.4  X  106 

1.6  X  102 

0.004 

65 

4.9  X  106 

3.0  X  102 

0.0006 

67 

5.4  X  10* 

3.3  X  102 

0.006 

S.  marcescens f 

52 

2.8  X  107 

5.9  X  103 

0.021 

58 

3.5  X  107 

6.9  X  103 

0.020 

66 

3.5  X  107 

1.0  X  104 

0.030 

69 

3.7  X  107 

1.4  X  104 

0.014 

B.  globigii  spores* 

13 

2.5  X  106 

1.7  X  103 

0.069 

59 

3.5  X  106 

2.8  X  103 

0.080 

67 

2.8  X  106 

2.8  X  103 

0.10 

68 

2.8  X  106 

1.6  X  103 

0.057 

71 

2.7  X  106 

2.7  X  102 

0.010 

78 

2.3  X  106 

9.5  X  102 

0.040 

*  Suspended  for  spraying  in  distilled  water, 
t  Suspended  for  spraying  in  3  per  cent  gelatin  in  distilled  water. 


may  occur  in  the  latter  instance.  The  mechanism  of  collection  is  as¬ 
sumed  to  be  one  of  impingement  against  a  fluid  surface,  or  merely  of 
entrapment  by  wetting,  rather  than  one  of  impingement  against  glass. 

A  question  which  cannot  be  answered  adequately  with  available  data 
concerns  the  relative  sampling  efficiency  of  standard  impingers,  with 
airflow  rates  varying  from  2  to  3  liters  per  minute,  and  of  impingers  with 
a  distinctly  higher  airflow.  Impingers  that  sampled  about  lfi  liter s  of 
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air  per  minute  have  been  used  occasionally  in  runs  in  which  the  agent 
sprayed  was  highly  diluted,  so  that  sampler  concentrations  in  standard 
impingers  were  expected  to  be  too  low  for  adequate  titration.  Results 
obtained  with  the  high  flow  impingers  were  irregular,  and  suggested 
that  they  may  operate  less  efficiently  than  the  low  flow  instruments. 
There  has  been  no  opportunity,  however,  to  make  the  necessary  direct 


TABLE  19 

Influence ,  on  the  Recovery  of  Serratia  marcescens,  of  the  Distance  between  the 
Capillary  Orifice  and  the  Floor  of  the  Container  in  Impinger  Samplers 

Suspending  medium  for  spraying,  distilled  water.  Collecting  medium,  25  ml. 
of  gelatin  diluent  with  4  drops  of  olive  oil. 


Run 

Concentration 

Sprayed 

Number  of 
Samplers 

Position  of 
Orifice 

A41.1 

organisms/ml. 

2.8  X  109 

3 

mm.  above  floor 

5 

3 

45* 

3 

1 

A43.1 

2.3  X  109 

2 

5 

2 

less  than  1 

Concentration  Recovered 

organisms /liter 

Average 

3.7  X  106 

3.1  X  106 

4.5  X  106 

3.8  X  10® 

3.3  X  10® 

3.4  X  106 

3.8  X  106 

3.5  X  10® 

<£> 

o 

X 

cd 

2.7  X  106 

3.6  X  10® 

3.0  X  10® 

1.5  X  10® 

1.4  X  10® 

1.5  X  10® 

1.1  X  10® 

1.0  X  10® 

1.1  X  10® 

*  Cylinders  containing  25  ml.  of  the  same  collecting  medium  were  used  here 
in  place  of  flasks,  to  provide  an  adequate  fluid  column. 


flompansons.  The  data  in  table  20,  obtained  for  another  purpose  are 
offered  as  bearing  indirectly  on  this  question.  The  experiment  sum 

"wo  stncfa  d6  '™8  a  Sing,e  n,n  With  a  fufaJ^Tn 

wmcn  two  standard  impingers,  operated  in  the  usual  wav  ’ 

simultaneously  with  two  impingers  of  a  different  type.  In ’the  latter' 
he  capillary  sets  into  a  flat  bottomed  tube  20  mm  in  diameter  '  The 
airflow  rate  ,s  about  1,  liters  per  minute,  and  0  ml  of  colSg  fluid t 
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used  as  compared  with  25  ml  in  the  standard  low-flow  flask  impinger. 
ZoBell  s'  solution  was  used  as  collecting  medium  in  all  four  samplers. 
The  findings  suggest  a  well  marked  superiority  for  the  standard  im- 
pingers.  If  substantiated,  this  finding  may  reflect  an  inverse  relationship 
between  turbulence  of  fluid  during  operation  of  the  impinger  and  effi¬ 
ciency  of  collection.  Turbulence  is  increased  both  at  high  rates  of  flow 
and  by  limiting  the  free  surface  of  the  fluid.  Both  factors  are  operative 
in  the  tube  impinger,  as  they  appear  to  be  in  the  high-flow  bottle  im- 
pingers  used  by  Henderson  and  his  co-workers  (18,  19,  20).  It  may  be 
noted  that  in  both  of  the  latter  types  a  trap  is  placed  in  the  impinger 
exhaust  tube  to  limit  loss  of  fluid,  whereas  no  appreciable  loss  occurs 

TABLE  20 

Comparative  Data  on  Recovery  of  Pasteurella  tularensis  with  Standard  Flask 
Impingers  and  Canadian  Tubular  Impingers,  Using  ZoBell’s  Solution 

as  Collecting  Medium 


Culture  grown  in  Snyder’s  peptone  broth  for  72  hours  at  20°C.  and  suspended 
for  spraying  in  2  per  cent  glycerin  in  distilled  water. 


Run  No. 

Concentra¬ 

tion 

R.H. 

Cloud 

Sprayed 

Impingers 

Cloud  Recovered 

Nomi¬ 

nal 

Recov¬ 

ery 

Sprayed 

Type 

No. 

organisms/ 

ml. 

per 

cent 

org. /liter 

org. /I  iter 

average 

per  cent 

A37.1 

3.3  X  108 

75 

3.3  X  106 

Standard 

90 

1.2  X  105 

Standard 

50 

1.5  X  105 

1.4  X  105 

4.1 

Tubular 

Ml 

3.2  X  104 

Tubular 

M2 

2.8  X  10* 

3.0  X  104 

0.9 

without  a  trap  in  the  flask  models  despite  a  shorter  distance  from  fluid 
surface  to  exhaust  opening. 

Additional  data  bearing  on  the  characteristics  of  impinger  samplers 
are  given  in  Chapter  14.  Tallies  23  and  24  present  data  which  indicate, 
for  S.  marcescens  and  psittacosis  virus,  respectively,  that  impingers  give 
equivalent  values  in  terms  of  units  of  agents  per  liter  ot  cloud  sampled 
when  operated  for  periods  as  short  as  one  minute  or  as  long  as  40  to  60 
minutes.  The  average  percentage  deviation  from  means  for  each  run 
in  replicate  impingers  were  found  to  range  from  7.5  to  10.2  loi  the  bac¬ 
terial  agent,  and  to  be  11.3  per  cent  ioi  the  viius. 


*  See  Chapter  17. 
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STUDIES  OF  ANIMAL  COAT  CONTAMINATION 


The  methods  developed  in  this  work  for  the  handling  of  animals  after 
exposure  to  infective  clouds  were  based  in  part  on  the  results  of  tests 
of  specific  air  pollution  in  the  storage  boxes  and  of  contamination  of 
animal  coats,  and  on  the  results  obtained  in  experiments  with  unexposed 
animals  placed  and  maintained  in  contact  with  other  animals  that  had 
been  exposed  to  infective  clouds.  These  experiments  are  described  in 
the  following  paragraphs. 

SPECIFIC  AIR  POLLUTION  FROM  ANIMAL  COATS 

Tests  ol  air  pollution  in  the  animal  storage  boxes  after  entrance  of 
exposed  animals  were  made  incidentally  to  two  runs  whose  primary 
purpose  was  to  test  the  safety  of  the  cloud  chamber  method  as  a  whole. 
In  both  runs  mice  were  exposed  to  clouds  of  Bacillus  globigii  spores.  In 
the  first  run  the  triple-jet  atomizer  was  used.  The  suspension  sprayed 
contained  1.2  X  10''  spores  per  ml,  and  the  cloud  recovered  contained 
2.5  X  10''  spores  per  liter.  Twenty-four  mice  were  exposed  to  this 
cloud  by  the  single  dose  method.  A  dry  cotton  filter  sampler,  with  its 
airflow  unrestricted  and  unmeasured,  was  placed  in  the  exhaust  line  of 
the  animal  box  immediately  after  bringing  the  mice  into  the  box,  and 
operated  on  the  vacuum  line  for  one  hour.  Other  cotton  samplers  were 
operated  similarly  on  successive  days.  After  sampling,  the  cotton 
was  shaken  with  20  ml  of  sterile  distilled  water  and  1  ml  of  the  suspen¬ 
sion  plated  in  streaked  and  poured  plates  in  duplicate.  The  results  in 
terms  oi  1  ml  of  undiluted  suspension,  were  as  follows:  immediately 
a  te,-  the  run  200  spores;  at  1  day,  20  spores;  at  2  .lays,  2  colonies  on  one 
1  ate  only ,  at  3  days,  1  colony  on  one  plate  only.  On  the  third  day  the 
mice  were  chloroformed  and  a  bundle  of  hairs  clipped  from  one  mouse 
were  shahen  in  20  ml  of  distilled  water.  Plates  prepared  from  0.1  ml 
is  suspension  undiluted,  were  negative  for  B.  globigii;  while  those 
.  l  eaked  ith  ml  yielded  2  typical  colonies  on  each  of  two  plates 

coXtonseCOThl  a  S°  at°miZer  Was  usei1  «»«'«•  otherwise  similar 
ml,  andThe  dim"  l  ^  >** 
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distilled  water  were  negative  in  all  instances.  In  poured  plates  inocu¬ 
lated  with  1  ml,  the  cotton  sampler  operated  immediately  after  the  run 
yielded  only  2  B.  globigii  colonies  on  one  of  6  plates,  the  others  being 
negative;  and  the  sampler  operated  during  the  second  hour  yielded  1 
colony  on  a  single  plate  only.  All  other  plates  were  negative.  Hairs 
clipped  from  4  mice  on  the  fifth  day,  pooled  and  shaken  with  10  ml  of 
distilled  water,  failed  to  yield  B.  globogii.  The  spore  suspension  used 
in  the  second  run  was  less  concentrated  than  that  used  earlier,  but  the 
difference  seems  insufficient  to  account  for  the  much  lower  yield  the 
second  time.  Improvements  in  technique  and  equipment  made  in  the 
interval  between  the  two  runs,  entailing,  for  example,  more  efficient  air 
washing  in  chamber  and  airlock,  may  have  accounted  for  the  difference. 
The  results  were  accepted  as  indicating  that,  even  under  the  severe 
conditions  of  the  tests,  in  which  animals  were  exposed  to  massive  clouds 
of  resistant  spores,  mouse  fur  was  only  lightly  contaminated  and  was 
clean  of  spores,  or  nearly  so,  after  being  air-washed  in  the  storage  boxes 
for  not  more  than  a  few  days. 

In  similar  tests  with  Brucella  suis,  which  appears  from  other  data  to 
be  a  comparatively  resistant  vegetative  form,  samples  collected  in 
impingers  with  flow  rates  of  30  to  32  liters  per  minute,  placed  in  the 
exhaust  line  of  animal  boxes  for  one  hour  at  various  intervals,  were 
negative  for  the  organism  in  all  instances.  In  the  light  of  the  data 
presented  in  the  following  paragraphs,  these  findings  suggest  that 
vegetative  bacteria  may  be  rapidly  destroyed  on  the  animal  coat, 
perhaps  by  mechanisms  analogous  to  those  that  seem  to  eliminate 
non-indigenous  parasites  from  the  human  skin. 


EXPERIMENTS  WITH  UNEXPOSED  CONTACT  ANIMALS 

A  series  of  runs  have  been  performed  with  unexposed  contact  animals 
included  as  a  test  for  infection  transmitted  from  the  contaminated 
coats  of  exposed  animals,  or  by  other  means  incident  to  contact.  The 
method  employed  uniformly  was  to  place  a  group  of  normal  animals 
in  the  animal  storage  box  before  the  box  was  attached  to  the  chamber 
airlock.  The  test  animals,  after  exposure,  were  washed  with  air  m  the 
airlock  in  the  usual  way  and  then  introduced  into  the  box.  The  exposed 
and  unexposed  animals  were  then  kept  together  for  varying  periods  of 
observation.  Experiments  of  this  kind  were  done  with  PaskureUa 
tularen&is,  Malleomyces  pseudormllei  and  Brucella  sms,  and  with  psit  a- 
cosis  and  meningopneumonitis  viruses.  The  results  are  gi\en  in  ax 
2i.  It  will  he  seen  that  only  a  single  instance  of  contact  infection 
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TABLE  21 


Results  Obtained  icith  Unexposed  Animals  in  Contact  with  Animals  Exposed  to 

Clouds  of  Infective  Agents 


Each  row  of  data  relates  to  a  single  lot  of  animals 


Animal  Species 

Agent 

Run  No. 

Cloud 

Recovered 

Expos¬ 

ure 

Period 

Exposed  Animals 

Unexposed 

Animals 

Dose 

Dead/ 

Total 

Obser¬ 

vation 

Period 

In¬ 

fected/ 

Total 

org./l. 

mitt. 

organisms 

days 

Mice 

P.  ttilarensis 

B1 

1.4  X  104 

2-10 

900-4500 

18/18 

22 

0/6 

Hamsters 

M.  pseudo- 

Bl.la 

9 

10 

5 

2/2 

24 

0/2 

mallei 

Bl.lb 

9 

40 

20 

4/4 

24 

0/2 

B1.2a 

1.1  X  102 

10 

45 

3/4 

24 

0/2 

B1.2b 

1.1  X  102 

40 

200 

3/4 

24 

0/2 

B3.  la 

1.4  X  103 

10 

600 

4/4 

19 

0/2 

B3 . 1  b 

1.4  X  103 

40 

1.600 

4/4 

19 

0/2 

B3.2a 

1.3  X  104 

10 

6,200 

4/4 

19 

0/2 

B3.2b 

1.3  X  104 

40 

21,000 

4/4 

19 

0/2 

Infected 

/Total 

Mice 

Br.  suis 

B9.1 

6.6  X  102 

2-40 

35-700 

8/14 

28 

0/6 

Guinea 

Br.  suis 

B9.2a 

1.5  X  102 

10 

250 

5/6 

2S 

0/2 

Bigs 

B9 . 2b 

1.5  X  102 

40 

1,200 

5/6 

28 

0/2 

LD50/1* 

LD50* 

Mice 

Meningo- 

B7.1 

5.2  X  101 

10 

16 

19/35f 

11 

0/12 

pneumonitis 

B7.2 

2.5  X  102 

10 

70 

22/22 J 

11 

0/10 

^  irus  (Cal 

10) 

B7.3 

1.5  X  103 

10 

425 

30/32 f 

11 

1/10 

Mice 

Psittacosis 
Virus  (6BC) 

B1.2 

1.8  X  103 

2-10 

100-2000 

ll/ll 

10 

0/6 

Concentrations  and  dosages  are  given  in  terms  of  rao^T^^rTIli 


t  Included  approximately  equal 
t  Convalescent  animals. 


numbers  of  vaccinated  and  untreated  animals 


Vims'  ~  "  *  minima. 

1  ho  insults  as  a  whole  suggest  that  animal  nnot  . 

1  rnat  animaI  coat  contamination  under 
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the  experimental  conditions  of  this  work  involves  no  serious  hazard 
either  to  operators  or  to  the  animals  themselves.  They  appear  to  justify 
the  method  of  exposure  of  the  whole  animal  in  preference  to  exposure 
of  the  snout  alone.  The  latter  procedure,  as  used  by  Henderson  (18,  19, 
20)  and  by  Krueger  (20)  and  their  co-workers,  is  slower  and  more 
laborious,  and,  as  has  been  noted  (Chapter  6),  may  involve  an  aug¬ 
mented  error  in  estimation  of  respiratory  volume  because  of  restraint 
on  the  animal.  The  data  given  also  provide  a  basis  for  the  practice, 
described  in  Chapter  5,  whereby  animals  may  be  transferred  from 
storage  boxes  to  open  cages  in  ventilated  cabinets  after  48  hours  or  more 
of  air  washing. 


14 

CERTAIN  CHARACTERISTICS  OF  CLOUDS 


EXPERIMENTAL  DATA  ON  PHENOL  RED  CLOUDS 

Data  which  indicate  the  importance  of  fundamental  studies  of  cloud 
dynamics,  and  which,  despite  their  limited  extent,  already  permit  useful 
application,  were  obtained  in  the  two  experiments  summarized  in  table 
22.  In  these  experiments  an  attempt  was  made  to  account  for  100  pci 
cent  of  a  phenol  red  solution  sprayed  into  the  chamber  under  standard 
conditions.  A  Chicago  atomizer  was  used  with  a  one  inch  mixing 
chamber.  The  amount  of  dye  sprayed  was  determined  in  the  usual 
manner  by  weighing  the  atomizer  reservoir  before  and  after  spraying. 
Separate  determinations  were  made  of  the  dye  remaining  in  the  atomizer 
and  in  its  attached  aspirator  tube,  and  of  dye  impinged  on  the  mixer. 
Impingement  on  the  inner  surface  of  the  whole  cloud  chamber  was 
estimated  by  washing  down  with  distilled  water,  using  5  litei  s  in  t  ie 
first  experiment  and  2  liters  in  the  second,  and  determining  dve  concen¬ 
tration  on  aliquots.  All  dye  determinations  were  made  by  the  met  ioc 
previously  given  (Chapter  5).  To  obtain  an  estimate  of  the  cloud 
concentration  throughout  the  period  of  the  run  pairs  of  standard 
impinger  samplers,  each  containing  25  ml  of  distilled ^ water  veie 
operated  in  the  chamber  during  the  time  intervals  indicated  m  theUWe. 
In  both  experiments,  the  atomizer  was  started  at  0  time,  cu 
minutes,  and  the  airflow  then  maintained  through  the  additional  perm 
of  sampling.  Dye  concentrations  were  determined  in  aliquots  of  sam¬ 
pler  fluid  The  values  in  the  table  are  averages  ot  pairs  ot  impinge  , 
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given  in  terms  calculated  to  the  total  concentration  which  was  estimated 
from  the  airflow  to  have  passed  through  the  chamber  during  the  stated 
intervals.  The  values  for  nominal  recovery  are  derived,  here  as  else¬ 
where  in  this  work,  from  the  concentration  at  the  plateau  level. 

The  values  for  total  dye  accounted  for  in  the  two  experiments  are, 


TABLE  22 

Results  of  Tiro  Experiments  on  the  Development,  Disappearance  and  Total  Recovery 
of  Clouds  of  Phenol  Red  under  Conditions  Regarded  as  Optimal 
Suspensions  contained  1  mg.  per  ml.  of  phenol  red  in  distilled  water,  sprayed 
with  a  Chicago  atomizer  and  1  inch  mixing  chamber.  Impingers  contained  25 
ml.  of  distilled  water.  Total  airflow  90  liters  per  minute,  maintained  throughout 
the  sampling  period.  Atomizer  started  at  0  time,  stopped  at  20  minutes. 


Sprayed . 


Recovered 

from: 


Atomizer . 

Mixing  Chamber. . . 
Chamber  Washings. 


Impingers  in  each] 
time  interval: 


Impingers,  in  all 

Total  Accounted  for . 

Nominal  Recovery* . 


Experiment 


I 

II 

Total 

Per 

Total 

Per 

gamma 

cent  of 
Total 

gamma 

cent  of 
Total 

24,550 

100.0 

19,019 

100.0 

90 

0.4 

206 

1.1 

2 

0.0 

32 

0.2 

2.340 

9.5 

3,333 

17.5 

min. 

min. 

0-5 

2.630 

0-4 

1,248 

5-10 

4 , 550 

4-8 

2,640 

10-15 

5 , 050 

8-12 

3,095 

15-20 

5,300 

12-16 

3,450 

20-25 

3.330 

16-20 

3,310 

25-30 

665 

20-24 

1,915 

24-28 

547 

28-32 

160 

21,525 

87.8 

16,365 

86.0 

23,857 

97.8 

19,936 

104.8 

21,200 

86.5 

16.600 

87.3 

,  T  /  ,t!uuvereci  over  cloud  sprayed  based  for 

LTZ  '  °"  15-20  mim,te  Samples'  for  Hon  the  16-20  mi uuZ 


respectively,  97.8  and  104.8  per  cent  of  the  tnt»l 

““r  pri0,bfly  ™aller  by  chance  than  would  be  allowaWe'in 

‘  «»  —  concen- 

StaMe  ag°nt  the  X-  »  due  'to  in^hngemenTrthelhlmber 
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alls,  and  that  under  the  conditions  used  nearly  all  the  remaining  agent 
is  collected  in  the  samplers  anti  is  accounted  for  by  the  nominal  recovery 
values.  The  average  nominal  recovery  for  the  two  runs,  80.9  per  cent, 
is  accepted  provisionally  as  the  maximum  obtainable  under  the  condi¬ 
tions  employed. 

The  concentration  of  dye  recovered  in  samplers  in  the  two  experi¬ 
ments  summarized  in  table  22  is  plotted  in  figure  42,  in  terms  of  micro¬ 
grams  per  liter  of  cloud,  as  a  function  of  time.  In  each  of  the  two  runs 


one  point  appears  to  be  aberrant.  In  run  II  this  point  tails  within  the 
plateau  period  and  was  not  used  for  calculation  of  nominal  recovery.  A 
theoretical  analysis  of  the  processes  of  accumulation  and  dissipation  ot  a 
cloud  under  constant  airflow  conditions,  to  which  these  data  are  apphe<  , 


is  given  in  the  following  paragraphs. 


THEORETICAL  CONSIDERATIONS 

The  regular  form  of  the  curves  in  figure  42  suggests  that  the  process  of 
cloud  accumulation  and  dissipation  may  be  subject  to  mathematica 
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formulation.  The  resulting  equations  may  then  be  compared  with  the 
experimental  data.  It  is  assumed  that  the  fluid  flow  remains  constant 
during  atomization,  and  that  the  total  airflow  through  the  chamber  is 
held  at  a  constant  level  throughout  the  intervals  of  development,  main¬ 
tenance  and  disappearance  of  the  cloud.  It  is  further  assumed  that 
perfect  mixing  occurs  in  the  chamber  and  that  the  cloud  concentration 
is  uniform  throughout.  The  volume  of  air  introduced  into  the  chamber 
per  unit  of  time  is  taken  to  be  equal  to  the  volume  exhausted  from  the 
chamber  during  the  same  interval. 


Cloud  Development 

If  x  is  the  weight  of  suspension  existing  as  cloud  in  the  chamber  at 
any  time  t,  and  V  is  the  working  volume  of  the  chamber,  the  cloud 

x 

concentration  at  time  /  is  — .  The  weight  of  cloud  leaving  the  chamber 

X 

via  the  exhaust  at  time  t  is  L~  where  L  is  the  airflow.  The  increase 

in  weight  of  suspension  at  time  t  during  the  process  of  cloud  develop¬ 
ment  would  thus  be  equal  to  the  fluid  flow,  /,  minus  the  cloud  leaving 

the  chamber,  or  /  -  L~.  A  change  in  weight  of  cloud  during  an  interval 
dt  may  thus  be  expressed  by  the  equation: 

f,S|  dx  =  (f  -  L  j)  dt. 

.  IT 

Solving  for  dt,  and  multiplying  by  —  yields: 


[9] 


In  form  for  intergration  this  becomes  :* 


V 


L 


dx 


X 


Or, 


[101 


+  c 
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where  c  is  a  constant  of  integration.  Since  at  0  time  x  must  equal  zero, 
it  follows  that: 


[11]  -ylnQA  +  c  =  0. 

Hence : 


[12] 


Substitution  of  this  value  for  c  gives  the  complete  integral: 


[13] 


Factoring  out  —  and  converting  to  logarithms  to  the  base  10  yields  the 
equation  for  cloud  development: 


[14] 


Cloud  Disappearance 

If  after  plateau  cloud  concentration  has  been  attained  the  atomizei 
is  cut  off,  but  the  total  airflow  is  held  constant  during  a  subsequent 
interval  of  airwashing,  the  rate  at  which  the  cloud  concentration  declines 
may  be  derived  by  analogous  reasoning.  Since  now  /  =  0,  a  change  in 
weight  of  cloud  during  an  interval  dt  may  be  expressed  by  the  equation: 


[lo! 


—  di¬ 


ll*. 


Repeating  the  steps  through  [9]  as  above,  the  equation  in  form  lor  mte 
gration  becomes: 


j  l-dx) 

Lj 

X 


*  A  similar  equation  has  been  used  to  calculate 
space  (Personnel,  Navy  Med.  Res.  Unit  No.  1, 
1288,  1944). 


air  turnover  in  an  enclosed 
U.  S.  Nav.  Med.  Bull.  42: 
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Or, 

[16]  t  =  -  -  In  x  +  c. 

Lj 

The  constant  c  may  be  eliminated  by  letting  t  =  0  at  the  start  of  air¬ 
washing.  At  this  time  the  maximum  weight  of  cloud  in  the  chamber, 
V 

x,  is  equal  to  -  /.  Hence: 

Lj 


The  complete  integral  is  therefore: 


1,91  *-H 

The  equation  lor  cloud  disappearance  is  obtained  as  before  by  factoring 

V  '  6 

out  -  and  converting  to  logarithms  to  the  base  10: 


[20] 


7/te  Curve  of  Cloud  Development  and  Disappearance 

A  curve  drawn  from  equations  [14]  and  [20]  is  shown  in  figure  43.  A 
20  minute  period  of  atomization  is  used,  and  for  equation  [20]  t  =  0  at 
the  20-minute  ordinate.  The  abscissae  are  given  in  terms  of  percentage 
of  the  maximum  concentration.  In  these  terms  the  form  of  the  curves 

is  determined  by  the  quantity  The  fluid  flow,  /,  is  a  factor  in  the 

absolute  maximum  weight  of  cloud,  but  is  eliminated  as  a  variable  by  the 
use  oi  the  relative  concentration  scale.  For  the  calculations,  /  is  taken 
s  glam  pel  minute,  and  L  as  <10  liters  per  minute.  Two  values  of  1' 
« ere  fled,  400  liters,  the  estimated  total  volume  of  the  chamber  and 
<  liters,  the  estimated  volume  above  the  chamber  floor.  The  curve 
as  given  in  figure  43  is  based  on  the  value  317  liters  « 

“ ""  a . .  i-  “ 
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runs  (table  22,  fig.  42),  as  shown  in  figure  43,  demonstrates  the  close 
correspondence  of  the  data  with  the  theoretical  curves.  One  point  in 
each  run  is  seen  to  be  significantly  aberrant,  as  recognized  previously. 
Since  correspondence  of  the  data  with  curves  based  on  a  chamber  volume 
of  400  liters  is  poor,  the  value  V  =  317  liters  is  accepted  provisionally 
as  the  effective  volume,  implying  that  the  relatively  small  total  area 
of  the  floor  which  is  patent  acts  as  the  true  exhaust  port  for  the  cloud. 
This  hypothesis  obviously  requires  experimental  verification.  The  fit 
of  the  experimental  data  to  the  curves  in  figure  43  is  taken  to  indicate 
that  the  equations  provide  an  acceptable  approximation  of  the  actual 
process  of  cloud  development  and  disappearance. 


Significance  of  the  Curve 

By  interpolation  on  the  curves  it  may  be  seen  that  50  per  cent  of  the 
final  cloud  concentration  is  attained  in  2.4  minutes,  while  about  94  per 
cent  of  the  final  concentration  is  reached  at  the  10  minute  point  after 
starting  the  atomizer.  The  assumption  that  plateau  concentration  is 
reached  at  10  minutes  is  therefore  within  working  limits  oi  error. 

It  can  be  demonstrated  graphically*  that  the  curve  for  the  decline 

*  The  reciprocal  nature  of  the  two  curves  can  also  be  demonst  rated  analytically 

by  the  following  procedure  (a)  equation  [20]  is  solved  for  x;  (b)  -/  is  subtracted 

to  shift  the  origin  from  0  concentration  to  the  plateau  value;  and  (c)  the  resulting 

expression  fir  ,  is  mu. . .  by  -1  to  reverse  the  direction  of  the  curve.  Ih. 

resulting  equation  is  found  to  be  equal  to  equation  [  |. 
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of  cloud  concentration  is  reciprocal  to  the  curve  for  cloud  development. 
It  follows  that  the  area  over  the  rising  curve  from  0  time  to  20  minutes 
and  bounded  by  the  100  per  cent  abscissa  is  equal  to  the  area  under  the 
falling  cm  ve  bounded  by  the  20  minute  ordinate  and  the  base  line.  The 
area  under  the  whole  curve,  from  0  to  40  minutes,  is  therefore  equal  to 
the  area  of  the  rectangle  whose  base  is  the  0  to  20  minute  interval  and 
whose  altitude  is  the  plateau  concentration.  The  total  amount  of  agent 
ambient  during  the  run  may  consequently  be  estimated  from  the  plateau 
concentration  and  the  time  of  spraying.  Sampler  values  taken  after  the 
first  ten  minutes  of  atomization  and  expressed  as  concentration  per  liter 
of  cloud  thus  represent  an  adequate  index  of  cloud  recovery  during  the 
whole  period  of  persistence  of  the  cloud.  Such  recovery  concentrations, 
expressed  in  terms  of  percentage  of  cloud  sprayed  per  liter  as  described 
in  Chapter  5,  yield  the  “nominal  recovery”  figure  which  is  used  as  an 
index  of  relative  stability  of  agents  in  this  work.  This  value  corresponds 
with  the  “analytical-nominal  ratio”  of  Doyle  et  al.  (7,  57). 

(  alculation  of  the  total  amount  of  agent  ambient  during  a  run  pro¬ 
vides  a  basis  for  estimation  of  dosage  in  the  single-dose,  multiple-group 
method  of  animal  exposure  described  in  Chapter  5.  Animals  are  placed 
in  the  chamber  before  the  atomizer  is  started  and  exposed  from  0  time 
tin  ough  an  adequate  period  of  airwashing,  when  they  can  be  removed 
at  leisure.  Dosage  is  then  estimated  from  the  plateau  concentration 
multiplied  by  the  time  of  atomization. 


UNIFORMITY  OF  THE  CLOUD 

the  theoretical  considerations  given  in  the  preceding  paragraphs 
suggest  that  the  cloud  concentration  remains  constant  after  the  plateau 
eve  has  been  reached.  The  close  correspondence  of  the  phenol  red 
data  wph  the  theoretical  curves,  moreover,  supports  the  assumption 
that  the  cloud  concentration  in  the  chamber  is  uniform  in  space  Data 
beai.ng  on  both  of  these  points  have  been  obtained  in  experiments  with 
Serraha  marcescens  and  with  psittacosis  virus. 

d  he  findings  in  four  runs  with  S.  marcescens  are  given  in  table  23  \ 

C  h,eag0  atomizer  «  used,  in  the  first  run  with  .  2*  inch  mixet  in  the 
others  with  a  one  inch  mixer.  In  the  first  three  runs  the  agent  wL 

mi  last  urn,  sets  of  impingers  were 


TABLE  23 

Recovery  of  Clouds  of  Serratia  marcescens  hi  Individual  Impingers  Operated  in 
Groups  at  Different  Intervals  during  the  Plateau  Period  of  Continuous 

Atomization 


C  hicago  atomizer  started  at  0  time  and  operated  continuously  throughout  the 
collection  period.  Suspension  for  spraying,  2  percent  gelatin  in  distilled  water. 
Collecting  medium,  gelatin  diluent  with  added  olive  oil. 


Run  No. 

Concentration  j 
Sprayed 

Period  of 
Collection 

Cloud  Recovered 

Group  Average 

Deviation 
from  Run 
Average 

Per¬ 

centage 

Deviation 

org./ml. 

minutes 

org./l. 

A25 

1.1  X  10® 

10-15 

5.38  X  10® 

0.10 

1.9 

5.72  X  10® 

0.44 

8.3 

4.41  X  105 

0.87 

16.5 

5.45  X  105 

5.21  X  10® 

0.17 

3.2 

10-25 

5.49  X  10s 

0.21 

4.0 

3.76  X  105 

1.52 

28.8 

4.69  X  105 

0.59 

11.2 

5.52  X  105 

4.S7  X  10® 

0.24 

4.5 

10-40 

5.98  X  105 

0.70 

13.2 

5.13  X  105 

0.15 

2.8 

5.72  X  106 

0.44 

8.3 

4.80  X  10® 

5.41  X  10® 

0.48 

9.1 

10-70 

5.27  X  10® 

0.01 

0.2 

6.2S  X  105 

1.00 

18.9 

4.81  X  105 

0.47 

8.9 

6.08  X  10® 

5.61  X  10® 

0.80 

15.1 

Run  averages 

5.28  X  10® 

9.7 

A27 

1.0  X  10® 

10-20 

1.34  X  10® 

0.49 

26.9 

1.96  X  106 

0.13 

7.1 

1.52  X  106 

1.60  X  10® 

0.31 

17.0 

20-30 

1.80  X  10® 

0.03 

1.6 

1.85  X  10® 

1.83  X  10® 

0.02 

1.1 

30-40 

1.85  X  10® 

0.02 

1.1 

2.08  X  10® 

0.25 

13.7 

1.S0  X  10® 

1.91  X  10® 

0.03 

1.6 

40-50 

1.90  X  10® 

0.07 

3.8 

2.03  X  10® 

0.2) 

11.0 

1.66  X  10® 

1.S6  X  10® 

0. 17 

9.3 

Run  averages 

1.83  X  10® 

8.6 

128 
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TABLE  23 — Concluded 


Run  No. 

Concentration 

Sprayed 

Period  of 
Collection 

Cloud  Recovered 

Group  Average 

Deviation 
fiom  Run 
Average 

Per¬ 

centage 

Deviation 

org./ml. 

minutes 

org./l. 

A28 

7.2  X  108 

15-25 

1.74  X  108 

0.22 

11.2 

2.06  X  108 

0.10 

5.1 

1.70  X  106 

0.26 

13.3 

1.77  X  10° 

1.82  X  108 

0.19 

9.7 

25-35 

2.10  X  106 

0.14 

7.1 

1.95  X  106 

0.01 

0.5 

1.99  X  10« 

2.01  X  108 

0.03 

1.5 

35-45 

2.00  X  106 

0.04 

2.0 

1.95  X  106 

0.01 

0.5 

1.89  X  108 

0.07 

3.6 

2.30  X  108 

2.01  X  108 

0.34 

17.4 

45-55 

1.84  X  106 

0.12 

6.1 

1.64  X  10« 

0.32 

16.3 

1.88  X  108 

0.08 

4.1 

1.68  X  106 

1.76  X  108 

0.28 

14.3 

Run  averages 

1.96  X  108 

7.5 

A31* 

1.4  X  109 

15-55 

9.20  X  108 

1.45 

18.7 

6.98  X  10s 

0.77 

9.9 

9.13  X  108 

8.44  X  105 

1.38 

17.8 

35-55 

6.43  X  108 

1.32 

17.0 

6.27  X  10s 

1.48 

19.1 

7.88  X  105 

6.S6  X  108 

0.13 

1.7 

45-55 

7.00  X  105 

0.75 

9.7 

8.75  X  10s 

1.00 

12.9 

8.17  X  105 

8.00  X  108 

0.42 

5.4 

50-55 

6.76  X  105 

0.99 

12.8 

8.34  X  108 

0.59 

7.6 

8.13  X  105 

7.74  X  108 

0.38 

4.9 

54-55 

7.95  X  105 

0.20 

2  6 

— - 

<•54  X  105 

7.75  X  108 

0.21 

2.7 

The  susnensirm 

Run  averages 

7.75  X  108 

10.2 

per  cent  gelatin  in  this  run. 
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operated  for  periods  of  40,  20,  10,  5  and  1  minute,  all  ending  simulta¬ 
neously.  In  the  other  two  experiments,  sets  of  samplers  were  operated 
during  successive  10  minute  intervals.  The  values,  given  in  compar¬ 
able  terms  of  organisms  recovered  per  liter  of  cloud  sampled,  are  found 
to  be  uniform  within  an  error  hardly  greater  than  that  of  bacterial 
counts  alone.  The  cloud  thus  appears  to  remain  constant  in  concen¬ 
tration  within  limits  of  measurement  after  the  first  10  or  15  minutes  of 
spraying,  for  periods  as  long  as  60  minutes  thereafter,  as  shown  in 
samples  taken  over  intervals  ranging  from  1  to  60  minutes. 

In  these  experiments,  as  many  as  16  samplers  were  placed  on  the  floor 
of  the  chamber  at  one  time  in  random  distribution.  The  results  thus 


TABLE  24 

Influence  of  Time  of  Sampling  and  Duration  of  Sampling  Interval  on  Recover g  of  a 
Dry  Cloud  of  Psittacosis  Virus  ( Strain  6BC)  in  Paired  Impingers 


Run  B8.  Chicago  atomizer  started  at  0  time  and  operated  continuously 
throughout  the  collection  period.  Concentration  sprayed,  3.2  X  105  mouse 
intracerebral  LD5o  units  per  0.03  ml. 


Period  of 
Collection 

R.H. 

Cloud  Recovered 

Deviation  from 
Run  Average 

Percentage 

Deviation 

minutes 

20-21 

per  cent 

58 

LDbo/l. 

1.5  X  10< 

0.16 

11.9 

20-22 

58 

1.0  X  104 

0.34 

25.4 

20-25 

57 

1.3  X  104 

0.04 

3.0 

20-30 

55 

1.5  X  104 

0.16 

11.9 

10-30 

57 

1.4  X  104 

0.06 

4.5 

Bun  averages 

1.34  X  104 

11.3 

indicate  that  the  cloud  is  satisfactorily  uniform  at  the  level  of  sampling 
in  space  as  well  as  in  time.  This  observation  is  in  agreement  with  the 
results  of  many  trials  in  which  samplers,  placed  on  the  floor  ol  the 
chamber  at  random  and  faced  in  different  directions,  showed  no  con¬ 


sistent,  variation  in  yield  associated  with  position. 

A  similar  run  with  psittacosis  virus  is  summarized  in  table  24.  A 
Chicago  atomizer  was  used  with  a  one  inch  mixer,  and  the  virus  was 
suspended  in  extract  broth  for  spraying  and  collected  in  the  same  me¬ 
dium  with  added  olive  oil.  The  range  of  sampling  period  was  from  1 
to  20  minutes,  beginning  10  or  20  minutes  after  turning  on  the  atomizer. 
Titration  values  in  terms  of  mouse  intracerebral  LD50  units  per  ml  ha\  e 
been  converted  to  LD50  units  per  liter  of  cloud  sampled  to  make  them 
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comparable  by  elimination  of  the  time  factor.  The  results  again  fall 
well  within  the  limits  of  variation  expected  with  this  agent. 

DATA  ON  PARTICLE  SIZE  DISTRIBUTION  OF  CLOUDS 

The  methods  employed  in  the  estimation  of  particle  size  distribution 
have  been  given  in  Chapter  5,  and  data  obtained  in  relation  to  the 


TABLE  25 

Particle  Size  Distribution  of  Clouds  of  Phenol  Red  Sprayed  from  Solution  in 
Distilled  Water,  as  Determined  with  a  Cascade  Impacior — Dry  I mpinger— 
Filter  System  by  an  Indirect  Method  of  Calibration 


Chicago  atomizer  with  1  inch  mixing  chamber,  set  up  in  an  animal  transfer  box 
used  as  a  cloud  chamber.  Secondary  airflow,  80  liters  per  minute. 


Run 

Primary 

Air 

Pressure 

Fluid 

Flow 

R.H. 

Cumulative  Mass  Percentages 

Cloud 

MMD 

Filter 

Impin- 

ger 

Slide 

D 

C 

B 

A 

Estimated  intermediate  MMD : 

1.15m 

2.07m 

3.15m 

7.3m 

1 

2 

p.s.i. 

10 

10 

ml. /min. 

0.82 

1.17 

per  cent 

62 

61 

77 

46 

43 

38 

34 

9.4 

7.1 

44.2 

40.6 

83.9 

82.7 

98.7 

98.9 

99.5 

99.7 

100 

99.9 

microns 

1.23 

1.3 

3 

4 

5 

6 

7 

8 

9 

10 

« 

13 

15 

15 

15 

15 

15 

15 

1.10 

0.99 

0.82 

0.38 

0.23 

0.11 

4.1 

4.2 
10.6 
21.2 
22.9 
13.3 

45.6 

48.2 

53.7 
66.6 
66.5 

56.2 

89.7 

93.5 

92.6 
95.3 
93.1 

90.6 

97.8 

99.2 

99.3 

99.9 

99.5 

96.5 

99.5 

99.7 

99.5 

98.5 

99.7 

99.9 

99.9 

100 

100 

100 

1.2 

1.16 

1.1 

0.94 

0.92 

1.05 

9.3 

10.1 

13.6 

15.4 

17.8 

0.76 

0.50 

0.54 

0.52 

0.61 

59 

48 

47 

47 

50 

11.4 
20.3 
23.8 
24., S 

23.0 

45.5 

56.9 

66.4 

68.8 

68.0 

83.3 
84.7 
91.6 
93.1 

94.3 

98. 1 
97.6 
98.5 
98.4 
99.0 

99.3 

99.6 

99.3 

99.2 

99.8 

99.8 

100 

99.8 

99.8 

100 

1 

1.22 

1.02 

1 .02 
0.87 
0.88 

atomizer  air  pressure  effect  have  been  given  in  Chanter  Q  it 

J'm'Z 'h  spraying  pheno1 

b°X  Chamber  “ed.  The  slides  of 
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were  coated  with  2  per  cent  alkyd  resin  in  toluene  (7).  The  first  two 
mns  weie  pieliminary  trials.  In  runs  3  through  8,  the  primary  air 
piessuie  was  held  constant  while  the  atomizer  fluid  flow  was  varied  by 
means  of  a  series  of  capillary  restrictors  in  the  fluid  line.  The  relation¬ 
ship  of  mass  median  diameter  to  fluid  flow  as  found  in  these  six  runs  is 
shown  graphically  in  figure  44.  In  runs  9  through  13,  the  primary  air 
pressure  was  varied  and  the  fluid  flow  held  as  constant  as  possible  with 
the  aid  of  capillary  constrictions.  The  relationship  of  mass  median 


0  05  10  15 

FLUID  FLOW,  ml/min  I”  AIR  PRESSURE  I5psi 


Figure  44.  Relationship  of  mass  median  diameter  of  dry  phenol  red  clouds 
sprayed  from  aqueous  solution  (calculated  by  the  indirect  method)  to  the  rate  of 
fluid  flow  of  a  Chicago  atomizer. 


Figure  45.  Relationship  of  mass  median  diameter  of  dry  phenol  red  clouds 
sprayed  from  aqueous  solution  (calculated  by  the  indirect  method)  to  input 
pressure  of  a  Chicago  atomizer. 


diameter  to  primary  air  pressure  under  the  conditions  used  in  these  five 
runs  is  shown  in  figure  45.  As  previously  noted,  these  HMD  values 
are  of  relative  significance  only.  As  such,  they  nevertheless  show  the 
expected  tendency  toward  decreasing  particle  size  with  decreasing  fluid 
flow  and  with  increasing  primary  air  pressure.  In  the  former  instance 
a  parallel  decrease  in  relative  humidity  is  probably  insignificant,  since 

all  these  clouds  may  be  assumed  to  have  been  dry. 

The  data  in  table  26,  obtained  with  a  standard  cloud  chamber,  ini  i- 


TABLE  26 

Particle  Size  Distribution  of  a  Phenol  Red— Bacillus  globigii  Cloud  Sprayed  from 
Distilled  Water,  as  Determined  with  a  Cascade  Impactor — Dry  Impinger 
Filter  System  by  an  Indirect  Method  of  Calibration 

Chicago  atomizer  with  1  inch  mixing  chamber,  set  up  in  Reyniers  chamber 
under  standard  conditions.  Primary  air  pressure  10  p.s.i.  Secondary  airflow 
50  liters  per  minute.  Relative  humidity,  76  per  cent.  Fluid  flow  rate,  0.73  ml. 
per  minute.  Slide  coating,  2  per  cent  alkyd  resin  in  toluene. 


Cumulative  Mass  Percentages 

Cloud 

MMD 

Filter 

Impinger 

Slide 

D 

C 

B 

A 

Estimated  intermediate  MMD: 

1 .15/x 

2.07/1 

3.15/1 

7.3/z 

ntirrotlK 

Phenol  Red . 

8.6 

42.1 

80.3 

96.4 

99.6 

100 

1.3 

B.  globigii . 

6.9 

44.1 

76.2 

99.0 

— 

100 

1.3 

TABLE  27 


Particle  Size  Distribution  of  Phenol  Red— Brucella  suis  and  Phenol  Red— Bacillus 
globigii  Clouds  Sprayed  from  Suspensions  in  Extract  Broth,  as  Determined 
with  a  Cascade  Impactor— Dry  Impinger— Filter  System  by  an 
Indirect  Method  of  Calibration 

Chicago  atomizer  with  1  inch  mixing  chamber,  set  up  in  Reyniers  chamber 
under  standard  conditions.  Primary  air  pressure,  9.8  p.s.i.  Secondary  airflow, 
85  liters  per  minute. 


Cumulative  Mass  Percentages 

Run 

Fluid 

Flow 

Coat¬ 

ing* 

R.H. 

Filter 

Impinger 

Slide 

Cloud 

MMD 

D 

C 

B 

A 

Estimated  intermediate  MMD: 

1.15/1 

2.07a* 

3.15/1 

7.3/* 

ml./ 

per 

m  i  n . 

cent 

m  icrons 

15 

0.73 

41 

Phenol  Red 

AR 

4.8 

13.2 

23.8 

42.7 

74.9 

97.5 

3.8 

GG 

1.5 

21.4 

46.2 

59.3 

81.7 

98.7 

2.4 

Br.  suis 

AR 

No  growth  throughout 

■ 

GG 

No  growth  throughout 

16 

0.80 

43 

Phenol  Red 

AR 

3.0 

13.2 

28.5 

45.7 

73.6 

96.4 

3.6 

GG 

29.3 

64.1 

72.7 

S2.4 

93.5 

99.7 

1.6 

B.  globigii 

AR 

GG 

2.6 

1S.0 

32.8 

60.7 

89.0 

95.6 

2.6 

* 

Qi 

- - 

No  growth f 

t  No  growth  in  impinger  sample  only "mob  w  yCenn* 
chlorite  used  as  disinfectant  in  chamber.’  Y  eCaUSC  °f  S<?epage  of  *»ypo- 
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cate  that  the  particle  size  distribution  of  a  cloud  of  Bacillus  globigii 
spores  sprayed  from  suspension  in  distilled  water  parallels  closely  the 
distribution  of  phenol  red  present  as  tracer. 

In  experiments  15  and  16,  summarized  in  table  27,  extract  broth  was 
used  as  suspending  medium  for  Brucella  suis  and  for  B.  globigii  spores, 
in  both  instances  with  phenol  red  as  tracer.  Both  alkyd  resin  and  a 
solution  containing  5  per  cent  gelatin  and  10  per  cent  glycerin  in  water 
were  used  as  slide  coatings.  No  growth  of  Br.  suis  was  obtained  with 
either  coating.  The  findings  from  gelatin-glycerin  slides  with  both 
phenol  red  and  B.  globigii  spores  are  irregular  and  are  believed  to  be 
unreliable.  The  data  from  alkyd  resin  coated  slides  are,  however, 
consistent.  They  again  show  good  agreement  between  phenol  red  and 
spores,  with  a  particle  size  distribution  larger  for  both  than  was  obtained 
with  the  same  agents  sprayed  from  distilled  water. 

Similar  and  more  extensive  studies  are  needed  with  the  aid  of  the 
more  accurate  direct  method  of  estimation  of  particle  size.  Since  these 
values  are  probably  high,  it  may  be  concluded  provisionally  that  the 
atomizing  system  employed,  when  spraying  from  solution  or  suspension 
in  distilled  water,  yields  a  cloud  under  standard  conditions  with  an  MMD 
of  less  than  1  micron;  and  when  spraying  from  broth,  less  than  3.5 
microns. 


SUMMARY  OF  SECTION  IV 

Observations  and  experiments  are  given  on  the  use  of  secondary  air 
to  dry  and  dilute  the  cloud  produced  by  direct-spray  atomizers.  The 
findings  led  to  the  development  of  a  glass  tubular  mixing  chamber,  1 
inch  in  diameter  and  about  3  inches  long,  into  which  the  atomizer  is 
inserted.  Serious  losses  due  to  impingement  on  the  walls  ot  mixing 
chambers  of  other  types  were  virtually  eliminated  with  this  instrument, 
and  the  proportion  of  cloud  recovered  was  markedly  increased. 

Initial  experiments  in  which  capillary  impinger  samplers  with  an 
airflow  rate  of  about  2.5  liters  per  minute  were  compared,  for  collection 
of  Serratia  marcesccns  clouds  with  Moulton  samplers,  and  for  collection 
of  spore  clouds  of  Bacillus  globigii  with  dry  cotton  filter  samplers,  indi¬ 
cated  that  the  impinger  is  a  satisfactory  collector.  In  its  simplicity 
and  in  other  respects,  aside  from  efficiency,  the  impinger  appears  to  he 
the  most  satisfactory  sampling  device  for  studies  ot  experimental  an- 
borne  infection.  Glass  beads  in  the  fluid  collecting  medium  were  found 
not  to  increase  its  efficiency.  In  the  collection  of  spore  clouds,  the  use 
of  impingers  followed  serially  by  cotton  filter  samplers  showed  the 
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impingers  to  be  95  per  cent  efficient  or  better,  bosses  due  to  enti apment 
of  viable  agents  in  the  stem  above  the  capillary  were  found  to  lie  in¬ 
significant.  Impingers  were  found  to  operate  equally  well  with  the 
orifice  45  mm.  from  the  bottom  of  the  container  as  compared  with  5  mm., 
provided  that  the  capillary  remained  covered  with  fluid;  but  collection 
seemed  somewhat  less  efficient  when  the  orifice  was  placed  1  mm.  or 
less  from  the  glass  surface.  Standard  flask  impingers  operating  at 
airflow  lates  of  2  to  3  liteis  per  minute  were  found  in  a  single  run  with 
Pasteurella  tularensis  to  be  distinctly  superior  to  impingers  of  a  different 
type,  having  an  airflow  rate  of  about  I  I  liters  per  minute. 

Safety  tests,  in  which  mice  were  exposed  to  concentrated  clouds  of 
B.  globigii  spores,  indicated  that  the  animal  coats  were  cleared  of  spores 
after  being  air-washed  in  the  storage  boxes  for  not  more  than  a  few  days. 
In  comparable  experiments  Brucella  suis  could  not  be  recovered  from  the 
storage  box  exhaust  even  immediately  after  a  run.  A  series  of  experi¬ 
ments  with  several  infective  agents,  in  which  unexposed  animals  were 
placed  in  contact  with  others  immediately  after  exposure  of  the  latter, 
yielded  only  a  single  instance  of  contact  infection  among  70  contact 
animals,  and  suggested  that  animal  coat  contamination  involves  no 
serious  hazard  either  to  operators  or  to  the  animals. 

In  two  experiments  with  phenol  red  clouds,  97.8  per  cent  and  104.8 
pei  cent,  respectively,  of  the  total  dye  sprayed  was  accounted  for.  The 
average  nominal  recovery  for  the  two  runs  was  86.9  per  cent.  The 
principal  loss  appeared  to  be  due  to  impingement  of  dye  on  the  chamber 


walls.  Dye  concentrations  in  samplers  operated  during  successive  inter¬ 
vals  in  these  runs  indicated  a  consistent  process  of  cloud  development  and 
disappearance.  Eauations  havp  hppn  * _ i _  /■ 


atomization. 


The  findings  in  individual  i 


impingers  in  runs  with  >8. 


raarcescens  and 
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with  psittacosis  virus  indicate  that,  after  plateau  concentration  has  been 
reached,  the  cloud  is  uniform  within  limits  of  measurements  both  in 
time  (during  sampling  intervals  from  1  to  60  minutes)  and  in  space  at  the 
level  of  sampling. 

Preliminary  findings  with  phenol  red  clouds  sprayed  from  distilled 
water  solution  indicate  that  particle  size  distribution  tends  to  decrease 
with  deci  easing  atomizer  fluid  flow  and  with  increasing  primary  air 
pressure.  The  particle  size  distribution  of  clouds  of  B.  globigii  spores 
was  found  to  parallel  closely  the  distribution  of  phenol  red  present  as 
tracer,  when  sprayed  either  from  water  or  from  broth  suspension. 


Section  V 


Stability  and  Infectivity  of  a  Group  of  Bacteria 

and  Viruses 


The  experiments  described  in  this  section  represent  an  application  of 
the  methods  and  principles,  given  in  previous  sections,  to  the  study  ot  a 
group  of  bacterial  species  and  viruses  as  air-borne  infective  agents. 
Most  of  this  work  was  done  in  cooperation  with  other  project  groups  at 
Camp  Detrick,  as  indicated  below  for  the  individual  agents  concerned. 
The  data  presented  are  closely  related  to  the  central  subject  of  this 
work — the  problem  of  experimental  air-borne  infection  with  highly 
infective  agents.  Experiments  by  the  present  group  in  which  cloud 
chamber  data  contributed  to  other  primary  problems  are  to  be  presented 
elsewhere  (5,  9,  11,  36,  37,  51,  53,  58,  61,  67). 

A  separate  discussion  of  each  of  the  agents  studied  is  followed  by  an 
attempt  to  compare  them. 


15 

BACILLUS  GLOBIGII* 


Spore  preparations  ol  B.  globigii  were  used  in  t  his  work  principally  as  a 
resistant  and  easily  recovered  agent  for  safety  tests  on  cloud  chamber 
equipment  and  methods,  lor  tests  of  animal  box  air  pollution  and  animal 
coat  contamination,  and  in  studies  of  cloud  particle  size  distribution. 
The  results  ol  these  tests  have  been  given  in  preceding  chapters.  The 
quant  it  at  i\ e  data  obtained  in  these  experiments  on  recovery  of  the 
organism  are  of  interest  here  only  in  that  they  provide  values  for  com¬ 
parison  with  less  resistant  agents. 

B.  globigii  spore  suspensions  for  these  tests  were  prepared  by  growth 


*  Serial  numbers  of  cloud  chamber  runs  given  in  the  tables  have  the  following 
significance  (see  Chapter  5) :  For  each  agent,  the  initial  letter  (A  or  B)  refers  to  the 
chamber  in  which  the  run  was  performed;  the  integral  number  indicates  a  series  of 
consecutive  runs  done  on  a  given  day,  usually  with  a  single  culture  preparation- 

when  1  ^  mdlVKlual  run  in  this  series-  A  terminal  small  letter’ 

*  hen  present,  refers  to  a  group  of  animals  exposed  for  a  given  interval  during  the 
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on  tryptose  agar  (0.5  per  cent  glucose)  for  5  days  at  37°C.  The  organ¬ 
isms  were  washed  off  with  and  suspended  in  distilled  water.  Poured 
plates  in  extract  agar  were  incubated  24  hours  at  37°C. 

Representative  data  obtained  with  these  spores  are  given  in  table  28. 
It  is  evident  that  progressively  increasing  nominal  recoveries  were  ob¬ 
tained  when  the  triple-jet  atomizer  was  substituted  for  the  Darby,  when 
a  Chicago  atomizer  was  used  in  place  of  the  former,  and  finally,  when  the 
one  inch  mixer  replaced  the  larger  early  model.  The  average  percentage 
nominal  tecov  ery  lor  the  last  three  runs,  73.4,  may  be  compared  with  the 
average  value  for  phenol  red,  86.9  per  cent  (table  22).  The  latter  is 
accepted  provisionally  as  the  maximum  obtainable  with  the  equipment 


TABLE  28 

Nominal  Recovery  of  Dry  Clouds  of  Bacillus  globigii  Spores,  Sprayed  from 
Suspension  in  Distilled  Water  under  Different  Conditions 


Run 

No. 

Atomizer 

Mixing 

Chamber 

Concentration 

Sprayed 

Cloud 

Sprayed 

Cloud 

Recovered 

Nominal 

Recovery 

inches 

spores /ml. 

spores/l. 

spores/l. 

per  cent 

1 

Darby 

2 1 

8.5  X  108 

1.5  X  105 

3.8  X  10* 

24.8 

2 

Darby 

2* 

1.2  X  109 

2.2  X  10* 

6.1  X  10* 

23.8 

3 

Triple-Jet 

91 

1.2  X  109 

7.6  X  10* 

2.5  X  10* 

32.7 

4 

Triple-Jet 

91 

^2 

1.8  X  108 

7.0  X  10* 

2.3  X  106 

32.8 

A2.1 

Chicago,  No.  6 

to 

to|»—  j 

8.0  X  107 

6.2  X  10* 

2.4  X  10* 

39.2 

A  4 

Chicago,  No.  28 

1 

7.4  X  10' 

7.1  X  105 

4.6  X  105 

64.8 

A6.1 

Chicago,  No.  28 

l 

6.2  X  107 

6.8  X  10* 

5.4  X  10s 

79.8 

B6 

Chicago,  No.  27 

1 

7.3  X  107 

8.2  X  10* 

6.2  X  10s 

75.7 

used  for  an  inert  agent  suspended  in  water.  The  value  73.4  per  cent 
may  represent  a  maximum  for  a  resistant  viable  agent.  Recoveries 
obtained  with  non-sporulating  bacterial  agents  and  with  viruses  have 
invariably  been  lower. 


16 


SERRA  TIA  MA RCESCENS 


This  non-sporulating  Gram-negative  bacillus,  which  grows  abundantly 
on  ordinary  media  in  24  hours  at  37°C.  and  produces  distinctive  ied- 
pigmented  colonies,  has  been  used  extensively  in  this  work  as  a  simulant 
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for  the  more  labile  infective  agents.  Many  of  the  data  obtained  with  it 
have  been  presented  in  Sections  III  and  IV.  The  experiments  de¬ 
scribed  in  this  section  are  concerned  with  media  lor  collection  of  S. 
marcescens  in  samplers,  with  standardization  ol  the  organism  during 
atomization  by  suspension  in  different  media,  and  with  certain  othei 
findings. 

S.  marcescens  suspensions  were  prepared  from  cultures  grown  either 
on  a  special  tryptose  agar*  for  48  hours  at  34°C.,  or  in  a  special  broth 
mediumf  for  18  to  27  hours  at  34°C.  under  continuous  aeration.  The 
organisms  were  concentrated  by  centrifugation  and  suspended  in  gelatin 
diluent 4  Dilutions  for  plating  were  also  made  in  gelatin  diluent. 
Poured  plates  in  tryptose  agar  containing  0.5  per  cent  glucose  were 
incubated  18  to  24  hours  at  37°€.  and  2  or  3  additional  hours  at  room 
temperature  in  the  light  to  develop  pigment  . 


COLLECTING  MEDIA 


Selection  of  a  sampling  medium  for  S.  marcescens  was  made  on  the 
basis  of  the  data  presented  in  table  29.  Each  value  for  concentration 
recovered  is  an  average  of  two  impinger  values.  In  the  spraying  tests, 
the  cloud  was  produced  with  a  Darby  nebulizer,  the  impingers  were 
operated  for  a  10  minute  interval  starting  5  minutes  after  turning  on  the 
atomizer,  and  the  counts  are  given  in  terms  of  organisms  per  liter  of 
cloud  sampled  as  calculated  from  the  known  airflow  through  the  im¬ 
pingers.  In  the  bubbling  tests,  the  indicated  concentration  of  organ¬ 
isms  was  added  to  the  medium  in  the  impingers,  and  air  was  then  drawn 
through  them  for  10  minutes  under  vacuum  at  their  characteristic  air¬ 
flow  rates.  The  counts  are  given  as  organisms  per  ml.  of  sampler  fluid. 
Serum  ultrafiltrate  in  Simms’  salt  solution  (54)  was  tried  with  a  view  to 
the  selection  of  a  medium  suitable  for  the  cultivation  of  viruses,  but  was 
found  to  give  lower  counts  than  gelatin  diluent.  The  latter  medium  was 
selected  and  has  been  used  subsequently  for  collection  of  clouds  in  all 
studies  with  S.  marcescens.  Olive  oil,  4  drops  to  25  ml.  of  impinger 
fluid,  was  added  to  limit  foaming,  the  findings  in  table  29  having  indi¬ 
cated  no  significant  change  in  count  in  its  presence. 


*  This  medium  contained  1  per  cent  tryptose,  0.5  per  cent  yeast  extract  and 
0.5  per  cent  glucose. 

t  This  medium  contained  0.5  per  cent  pepticase,  0.5  per  cent  yeast  extract  0  1 
per  cent  glucose,  0.2  per  cent  Na2HPO„  and  0.1  per  cent  NaH2PO< 

J  Gelatm  dduent  contains  Bacto  gelatin,  0.2  per  cent,  Na2HPO<-  12H20  1  per 
cent,  in  distilled  water,  pH  after  autoclaving,  6.8.  ’ 
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STABILIZATION  IN  DIFFERENT  SUSPENDING  MEDIA 

Tables  30  and  31  present  only  data  obtained  with  Chicago  atomizers. 
As  shown  in  table  30,  early  experiments  in  which  S.  marcescens  was 
sprayed  from  suspension  in  distilled  water  gave  very  poor  yields,  despite 
the  fact  that  concentrated  suspensions  of  the  organism  have  been 
found  stable  in  this  medium  on  standing  at  refrigerator  temperature. 
Tests  with  dextrin,  alone  and  with  pepticase  and  other  materials,  gave 
significantly  inci  eased  yields  \  but  best  results  in  these  early  tests  were 
obtained  with  a  particular  preparation  of  gelatin  (No.  275),  with  which 


TABLE  29 


Comparative  Data  on  Different  Media  Used  for  Collection  of  Clouds  of  Serratia 

marce  cens  in  Impinger  Samplers 


Collecting  Medium 

Concentration 
of  Suspension 

Concentration 

Recovered 

(a)  Spraying  Tests 

Gelatin  diluent 

0.85  per  cent  NaCl 

0.1M  K,HP04 

organisms  /ml . 

7.3  X  10* 
7.3  X  10* 
7.3  X  10* 

organisms/l 

1.8  X  10' 

1.9  X  103 
5.3  X  103 

Gelatin  diluent 

Gelatin  diluent  +  olive  oil 

5  per  cent  serum  ultrafiltrate  in  Simms’  sol. 

33  per  cent  serum  ultrafiltrate  in  Simms’  sol. 

1.8  X  109 
1.8  X  109 
1.8  X  109 
1.8  X  109 

1.3  X  10s 
1.9  X  10® 

3.3  X  10® 
5.5  X  105 

(b)  Bubbling  Test 

Gelatin  diluent 

Gelatin  diluent  T  olive  oil 

33  per  cent  serum  ultrafiltrate  in  Simms’  sol. 

organisms/ml. 

2.1  X  10° 
2.1  X  10* 
2.3  X  10® 

organisms/ml. 

1.9  X  10® 
1.6  X  10® 
1.4  X  10® 

14.1  per  cent  of  the  cloud  was  recovered,  as  compared  with  an  average 
of  0.9  per  cent  with  distilled  water  suspensions. 

The  data  in  the  upper  portion  of  table  31,  obtained  with  the  aid  ot  a 
2\  inch  mixing  chamber,  show  a  tendency  toward  increased  yields  as  the 
concentration  of  gelatin  No.  275  was  increased  from  0.1  to  2  per  cent,  but 
no  evident  advantage  with  higher  concentrations.  These  results  were 
generally  confirmed  with  the  one  inch  mixer,  with  which  the  yields  as  a 
whole  are  somewhat  higher  than  those  obtained  with  the  laigei  mixing 
chamber.  The  tests  with  glycerin,  given  at  the  bottom  ol  the  table, 
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suggest  that  this  substance  is  less  suitable  than  gelatin  275  for 
stabilization  of  S.  marcescens. 

The  reduced  recovery  of  these  organisms  is  due  in  part  to  loss  of  water 
on  spraying  into  a  dry  atmosphere,  as  will  be  noted  below.  An  addi- 


TABLE  30 

Nominal  Recovery  of  Dry  Clouds  of  Serratia  marcescens  Sprayed  from  Different 

Suspending  Media 

Chicago  atomizer  with  2\  inch  mixing  chamber,  operated  at  10  p.s.i.  primary 
air  pressure.  Organisms  grown  in  broth  under  continuous  aeration,  diluted 
1:100  or  more  in  the  suspending  medium  stated. 


Rur.  No. 


41.1 
51 

53.  G 

53.1 

53.2 

53.3 

53.4 


Suspending  Medium 


Distilled  water 
Distilled  water 
Distilled  water 


42.1 

53.5 


1  per  cent  dextrin  in  water 

2  per  cent  dextrin  in  water 

3  per  cent  dextrin  in  water 

4  per  cent  dextrin  in  water 


5  per  cent  dextrin  in  water 
5  per  cent  dextrin  in  water 


42.2 

52 


54 

55.1 

55.2 


5  per  cent  dextrin,  1  per  cent  pepticase  in  water 
5  per  cent  dextrin,  1  per  cent  pepticase,  1  per  cent 
yeast  extract,  0.5  per  cent  ascorbic  acid,  in  water, 
pH  6.7* 


5  per  cent  Bacto  gelatin 
5  per  cent  gelatin  No.  275* 
5  per  cent  gelatin  No.  75* 


*  These  preparations  were  supplied  through  the 
STaylor,  Camp  Detrick. 


oourtesv  nf 


Nominal 

Recovery 


Per  cent 

1.4 

0.6 

0.8 


3.4 

3.1 

7.0 

6.6 


7.3 

9.2 


5. 1 

9.1 


3.0 

14.1 

10.8 


tional  portion  is  probably  lost  by  impingement,  as  indicated  by  the 
general  increase  obtained  with  the  one  inch  as  compared  with  the  2\ 
inch  mixing  chamber.  These  two  factors  together,  however,  evidently 
account  for  only  a  small  part  of  the  total  loss.  It  has  been  noted  in 
C  lapter  9  that  recovery  values  for  S.  marcescens  approaching  those  with 
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TABLE  31 

xT^n,7Z±  d:l  “  «■—  « . 


Run  No. 

Chicago 

Ato¬ 

mizer 

Primary 

Air 

Pres¬ 

sure 

Fluid 

Flow 

Rela¬ 

tive 

Humid¬ 

ity 

Suspending  Medium 

Nominal 

Recovery 

(a)  2\  inch  Mixing  Chamber 

pounds 

Number 

per 

gtn  / 

per  cent 

inch 

All  .1 

6 

9 

0.35 

34 

Dist’.lled  water 

1  .7 

A19 

6 

9 

0.39 

— 

Distilled  water 

2.6 

A  24 

6 

9 

0.40 

40 

Distilled  water 

3.4 

A20 

6 

9 

0.44 

50 

Gelatin  No.  275,  0.01  per  cent 

3.0 

A21 

6 

9 

0.52 

32 

Gelatin  No.  275,  0.05  per  cent. 

3.5 

A16 

6 

9 

0.45 

20 

Gelatin  No.  275,  0.1  per  cent 

11.5 

A17 

6 

9 

0.46 

53 

Gelatin  No.  275,  0.1  per  cent 

11.0 

A12.1 

6 

9 

0.47 

21 

Gelatin  No.  275,  0.5  per  cent 

16.5 

A12.2 

6 

9 

0.31 

46 

Gelatin  No.  275,  1  per  cent 

15.2 

A13.1 

6 

9 

0.23 

35 

Gelatin  No.  275,  2  per  cent 

22.2 

All. 2 

G 

9 

0.28 

20 

Gelatin  No.  275.  3  per  cent 

19.2 

A13.2 

6 

9 

0.23 

35 

Gelatin  No.  275,  3  per  cent 

IS. 2 

A 14 

6 

9 

0.17 

23 

Gelatin  No.  275,  4  per  cent 

20.5 

(b)  1  inch  Mixing  Chamber 

A  29. 1 

33 

9 

0.21 

38 

Distilled  water 

5.5 

A29.2 

33 

10 

0.28 

24 

Gelatin  No.  275,  1  per  cent 

25.6 

A29.3 

33 

10 

0.25 

22 

Gelatin  No.  275,  2  per  cent 

24.6 

A29.4 

33 

11 

0.25 

22 

Gelatin  No.  275,  3  per  cent 

23.2 

A31 

28 

6.5 

0.19 

20 

Gelatin  No.  275,  1  per  cent 

18.4 

A97 

28 

7.5 

0.51 

35 

Gelatin  No.  275,  2  per  cent 

21.8 

A34.1 

28 

7 

0.33 

44 

Gelatin  No.  275,  2  per  cent 

21.7 

A34.2 

28 

1 

0.34 

49 

Gelatin  No.  275,  2  per  cent 

29.0 

A34.3 

28 

7 

0.40 

42 

Gelatin  No.  275,  2  per  cent 

28.4 

A34.4 

28 

7 

0.40 

38  . 

Gelatin  No.  275,  2  per  cent 

27.0 

A35.1 

28 

7 

0.40 

63 

Glycerin,  2  per  cent 

10.0 

A  35. 2 

28 

7 

0.31 

47 

Glycerin,  10  per  cent 

6.5 

A35.3 

28 

7 

0.39 

48 

Glycerin,  15  per  cent 

6.5 

B.  globigii  spores  were  obtained  late  in  the  course  of  this  work  by  operat¬ 
ing  Chicago  atomizers  at  high  input  air  pressures. 
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HUMIDITY  OF  THE  CHAMBER  ATMOSPHERE 

The  findings  in  additional  experiments  comparable  with  some  of  those 
summarized  in  table  9  (Chapter  9)  are  listed  in  table  32.  1  he  four 

atomizer  types  previously  studied  are  again  represented,  but  in  all  these 
tests  S.  marcescens  was  sprayed  from  suspension  in  distilled  water,  into 
atmospheres  either  of  low  (33  to  G3  per  cent)  or  of  high  (8G  to  100  per 
cent)  relative  humidity.  From  experience  with  this  and  other  agents 


TABLE  32 


Nominal  Recovery  of  Serralia  marcescens,  Using  Atomizers  of  Different  Types , 
Sprayed  f rom  Suspension  in  Distilled  Water  into  Atmospheres  of  Low  and 

High  Relative  Humidity 


Atomizer 

Low  Relative  Humidity 

High  Relative  Humidity 

Ratio  of 
Recoveries 
High  RH: 
Low  RH 

Run  No. 

R.H. 

Nominal 

Recovery 

Run  No. 

R.H. 

Nominal 

Recovery 

percent 

per  cent 

per  cent 

per  cent 

Darby 

30.3 

65 

2.5 

30.2 

86 

11.8 

4.7 

30.1 

91 

12.8 

5.1 

31.1 

35 

5.0 

31.2 

91 

9.3 

1.9 

37.1 

55 

5.6 

37.2 

95 

6.4 

1.1 

38.1 

40 

0.9 

38.4 

100 

5.4 

6.0 

Triple-Jet 

*29 

63 

2.1 

*28 

100 

1.5 

0.7 

*33.1 

33 

3.6 

*34.1 

95 

1.7 

0.5 

DeVilbiss  40 

43.2 

34 

1  <= 
<N 

43.1 

100 

14.9 

5.7 

44.2 

38 

2.1 

44.1 

100 

15.3 

7.3 

Chicago  No.  2 

41.1 

45 

1.4 

41.2 

100 

10.3 

7.4 

Chicago  No.  6 

All.  1 

34 

1.7 

A10.2 

95 

11.1 

6.5 

*  The  suspensions  used  in  these  runs  were  prepared  from  agar-grown  organisms, 
n  all  others  the  suspensions  were  prepared  from  organisms  grown  in  broth  under 
continuous  aeration. 


and  irom  the  data  presented  by  Henderson  (18)  it  appears  that  either 
a  >ove  or  below  a  critical  range  in  the  neighborhood  of  70  to  80  per  cent 
relattve  humidity,  in  the  temperature  range  generally  prevailing  (20  to 
80  O.l,  variations  in  humidity  do  not  induce  significant  differences  in 
recovery.  In  the  low  range  (the  “dry  cloud”  range,  below  70  to  80  per 
ent  relative  humidity),  the  atomized  droplets  appear  to  lose  most  of 
c™ta'ned  water  rapidly.  In  the  high  range  (the  “wet  cloud” 
ange,  above  ,0  to  80  per  cent  relative  humidity),  negligible  drviiw 
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CCl!rS;.  Jhe  data  111  table  32  show  that  with  three  of  the  atomizers 
used  (the  two  nebulizers,  Darby  and  DeVilbiss  40,  and  the  Chicago 
vpe),  recoveries  under  parallel  conditions  were  invariably  higher  in  the 
ugh  humidity  range.  On  the  average,  the  recovery  of  S.  marcescens 
was  found  to  be  4  times  as  high  with  a  wet  as  with  a  dry  cloud  when  a 
Darby  atomizer  was  used,  6.5  times  with  the  DeVilbiss  40,  and  7  times 
with  the  C  liicago  atomizers.  It  seems  of  interest,  moreover,  that  these 
recovery  ratios  show  a  definite  tendency  to  decrease  as  the  recoveries 
at  low  humidity  increase.  This  relationship  is  more  strikingly  shown 

in  analogous  data  lor  Pasteurella  tularensis,  and  will  be  discussed  under 
that  agent. 

With  the  triple-jet  atomizer,  poorer  recoveries  were  obtained  with  wet 
than  with  dry  clouds,  this  finding  was  discussed  in  Chapter  9.  The 
triple-jet  atomizer  is  thought  to  emit  significantly  larger  particles  than 
the  other  instruments.  Under  wet  cloud  conditions  the  average  particle 


size  would  be  larger  than  in  dry  clouds  because  of  retention  of  water  in 
the  atomized  droplets.  With  the  nebulizers  and  the  Chicago  atomizers 
this  difference  in  particle  size  may  be  insufficient  to  counterbalance  the 
protective  effect  of  water,  the  particles  being  assumed  to  remain  air¬ 
borne  in  either  instance.  With  the  triple-jet  atomizer,  on  the  other 
hand,  the  wet  particles  may  be  sufficiently  large  so  that  their  rate  of 
settling  more  than  offsets  this  protective  effect. 

The  relationship  of  recovery  to  humidity  under  these  conditions  ap¬ 
pears  to  be  a  new  finding.  Other  workers  (10,  32,  44,  6)  have  reported 
that  viable  agents  in  static  clouds,  or  as  a  function  of  time  after  spraying 
in  dynamic  clouds,  undergo  a  significantly  more  rapid  death  rate  in  a 
wet  atmosphere  than  in  a  dry  one.  The  greater  recoverability  of  a 
dynamic  cloud  of  S.  marcescens  in  a  wet  than  in  a  dry  atmosphere  in  the 


present  experiments  seems  to  be  a  distinct  phenomenon.  It  may  be 
interpreted,  in  terms  of  the  sensitivity  of  microorganisms  to  desiccation, 
as  an  immediate  effect,  induced  during  the  process  of  atomization.  The 
greater  persistence  of  dry  as  compared  with  moist  viable  particles  in  the 
experience  of  others,  on  the  other  hand,  may  be  an  example  ol  the  re¬ 
sistance  of  dried  microorganisms  once  they  have  survived  the  initially 
destructive  action  of  drying. 
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17 


BRUCELLA  SUIS* 


These  experiments  were  performed  with  the  highly  virulent  SI  stiain 
of  Brucella  suis.  Cultures  were  grown  on  Bacto  tryptose  agar  for  48 
hours  at  37°C.,  washed  off  and  resuspended  in  tryptose  saline, t  and 
diluted  to  the  concentration  to  be  sprayed  in  the  medium  designated 
below.  Dilutions  for  plating  were  made  in  tryptose  saline.  Poured 
plates  in  tryptose  agar  were  incubated  3  dajrs  at  37°C. 

COLLECTING  MEDIA 

In  the  initial  experiments  with  Brucella  suis,  conducted  while  this 
project  was  housed  in  temporary  quarters,  ZoBell’s  solution!  was  used 


TABLE  33 

Comparative  Results  with  Four  Media  Used  for  Collection  of  Clouds  of  Brucella  suis 


Collecting  Medium 

Concentration 
of  Suspension 

Cloud  Sprayed 

Cloud 

Recovered 

ZoBell’s  solution . 

/.oBell’s  solution  +  olive  oil* . 

organisms/ml. 

3.4  X  108 

org./t. 

4.1  X  10’ 

org./l. 

3.0  X  105 

3.4  X  10s 
3.0  X  105 

2.5  X  10s 

Tryptose  saline  +  olive  oil* . 

Gelatin  diluent  +  olive  oil* . 

*  4  drops  of  olive  oil  in  25  ml.  of  collecting  medium. 


both  as  suspending  medium  in  the  atomizer  and  as  collecting  medium 
in  samplers,  following  the  lead  of  Henderson  and  his  co-workers  (18). 
Variable  results  in  these  tests,  which  are  indicated  in  the  nominal  recov¬ 
ery  values  obtained  with  ZoBell’s  solution,  as  shown  in  table  36,  led  to  the 
experiment  summarized  in  table  33,  as  well  as  to  the  search  for  a  sus¬ 
pending  medium  with  which  more  consistent  results  would  be  obtained. 
4  he  data  in  table  33  do  not  indicate  any  marked  superiority  for  one  of 
the  four  collecting  media  tested  as  compared  with  the  others.  From 
the  findings  it  appears  that  olive  oil  does  not  interfere  with  collection  of 

st„*]Maj°r  Si  S‘iE1uerg  and  Ensign  G‘  R-  SPencer  cooperated  in  planning  these 
studies,  supplied  cultures  to  he  sprayed,  performed  autopsies  on  exposed  animals 
identified  lesions,  and  verified  them  by  cultural  and  serological  tests 

t  Tryptose  saline  contains  Bacto  tryptose,  0.1  per  cent,  NaCl,  0.5  per  cent, 

I  ZoBell  s  solution  contains  in  grams  per  liter:  KoHP04  1  •  evstine  0  2 •  Not  ’l 
2.5;  RHTCL,  0.75;  MgS04-7H20,  0.1;  KC1,  0.01.  “  *  ’  ’  NaQ’ 
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t  11s  organism,  and  that  tryptose  saline  with  olive  oil  is  as  satisfactory  as 
ZoBell’s  solution.  The  former  medium  was  adopted  for  collection  in  all 
subsequent  experiments  because  of  its  ready  availability  and  ease  of 
preparation. 


TABLE  34 

Nominal  Recovery  of  Brucella  suis  with  Different  Suspending  Media 


5  Per  Cent 

S  Per  Cent 

10  Per  cent 

3  Per  Cent 

Sterile  Distilled  Water 

Tryptose 

Dextrin  in 

Dextrin  in 

Dextrin  in 

Gelatin  in 

Glycerin  in 

Saline 

Distilled 

Tryptose 

Distilled 

Distilled 

Distilled 

Water 

Saline 

Water 

Water 

Water 

(a)  2§  inch  Mixing  Chamber 


10.8* 

11.5 

4.5 

6.5 
19.0 

9.5 

11.2 

13.4 

10.5 
13.2 
12.0 

5.2 

35.4 

9.7 

12.9 

13.8 

Averages:  11.2 

9.9 

12.1 

20.3 

9.7 

13.4 

(b)  1  inch  Mixing  Chamber 


7 . 7 

14.2 

4.2 

15.1 

14.8 

17.1 

13.3 

13.8 
11.6 

21.2 

14.2 

16.8 
21.9 
15.0 

17.2 

22.0 

16.8 

19.6 
38.3 

32.7 

9.3 

Averages  11.0 

9.7 

16.1 

25.9 

9.3 

*  The  relative  humidity  in  the  chamber  during  this  run  was  93  per  cent.  The 
highest  R.H.  value  recorded  for  all  other  runs  was  66  per  cent. 


SUSPENDING  MEDIA 

Nominal  recovery  data  obtained  with  a  variety  of  suspending  media 
are  given  in  table  34.  Chicago  atomizers  were  used  in  all  these  experi¬ 
ments.  Findings  with  suspensions  in  ZoBell’s  solution,  using  a  triple-jet 
atomizer  and  2±  inch  mixing  chamber,  are  included  in  table  36. 

The  data  in  table  34,  when  compared  with  those  obtained  under  com- 
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parable  conditions  with  other  non-sporulating  agents,  embody  several 
interesting  suggestions  regarding  this  organism.  The  recoveries  in  the 
tests  in  which  Br.  suis  was  sprayed  from  suspension  in  distilled  water  are 
higher  than  those  yielded  under  these  conditions  by  any  other  non- 
sporulating  agent  tested.  The  single  experiment  conducted  at  high 
relative  humidity  (table  34,  footnote)  suggests  that  this  agent  is  not 
destroyed  by  drying  as  are  most  others.  While  variable  recoveries  were 
obtained  with  suspensions  in  tryptose  saline,  as  they  had  been  with 
Zo Bell’s  solution,  the  data  with  5  per  cent  dextrin  in  distilled  water  show 
a  noteworthy  uniformity. 

In  comparing  the  average  nominal  recovery  values  for  the  different 
media,  taking  into  account  both  the  number  and  the  variability  of  the 
values  averaged,  the  differences  are  not  striking,  and  appear  for  the 
most  part  to  be  insignificant.  The  results  of  the  few'  runs  done  with 
suspensions  in  10  per  cent  dextrin,  3  per  cent  gelatin  and  2  per  cent 
glycerin,  all  in  distilled  water,  show  no  advantage  for  these  substances. 
Although  the  results  with  gelatin  are  in  the  range  obtained  w'ith  5  per 
cent  dextrin  under  equivalent  conditions,  the  latter  was  preferred  be¬ 
cause  its  lower  viscosity  makes  for  a  higher  fluid  flow  and  therefore  a 
more  concentrated  cloud  from  the  same  suspension  concentrations.  The 
recoveries  with  5  per  cent  dextrin,  either  in  distilled  w'ater  or  in  tryptose 
saline,  are  generally  higher  with  the  one  inch  mixing  chamber  than  with 
the  2 o  inch  chamber,  although  the  difference  is  not  so  great  as  would 
have  been  expected  from  data  on  other  agents.  The  values  obtained 


with  the  one  inch  mixer  for  recovery  from  suspension  in  5  per  cent 
dextiin  in  tryptose  saline  seem  to  be  significantly  higher  than  those 
obtained  under  conmarable  conditions  _ • 


s  w'ere  used 
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in  these  experiments,  adjusted  with  the  aid  of  capillary  restrictors  in  the 
fluid  teed  line  to  have  approximately  the  same  rates  of  fluid  flow.  The 
values  for  the  two  atomizers  are  not  distinguishable.  Both  fluid  flow 
and  relative  humidity  were  held  constant  within  comparatively  narrow 
limits.  Such  variation  as  occurred  in  the  two  factors  does  not  seem  to 
have  affected  the  nominal  recovery.  The  concentration  sprayed,  on  the 
other  hand,  ranged  over  wide  limits  with  each  atomizer,  the  levels  having 
generally  been  set  deliberately  to  obtain  predetermined  respiratory 
dosages.  This  factor  again  seems  not  to  have  influenced  the  nominal 
recovery.  In  all  these  experiments  the  bacterial  counts  conformed  with 


TABLE  35 

Data  on  Cloud  Chamber  Experiments  with  Brucella  suis  under  Conditions  Adopted 

for  Exposure  of  Animals 


Chicago  atomizers  with  1  inch  mixing  chamber.  Suspension  sprayed  from  5 
per  cent  dextrin  is  distilled  water. 


Run  X 

0. 

Atomizer 

No. 

Fluid 

Flow 

Concentration 

Sprayed 

R.H. 

Cloud 

Sprayed 

Cloud 

Recovered 

Nominal 

Recovery 

gm./min. 

organisms/m!. 

per  cent 

org./l 

org./l 

per  cent 

Bid 

4 

32 

0. 

69 

1 

6 

X 

108 

53 

1. 

2 

X 

10r> 

1. 

8 

X 

105 

14.8 

B15 

4 

32 

0 

72 

2 

8 

X 

10s 

49 

2. 

3 

X 

108 

3. 

9 

X 

105 

17.1 

B16 

_2 

32 

0 

73 

3 

0 

X 

104 

49 

2 

5 

X 

102 

3 

3 

X 

101 

13.5 

B16 

3 

32 

0 

80 

6 

8 

X 

10‘ 

50 

6 

1 

X 

102 

8 

4 

X 

101 

13.8 

B17 

2 

24 

0 

77 

4 

5 

X 

107 

48 

3 

9 

X 

105 

4 

5 

X 

10‘ 

11.6 

B18 

1 

24 

0 

76 

6 

2 

X 

103 

33 

5 

2 

X 

101 

1 

1 

X 

10' 

21.2 

B18 

2 

24 

0 

78 

1 

.9 

X 

10' 

33 

1 

6 

X 

102 

2 

3 

X 

101 

14.2 

B18 

3 

24 

0 

83 

4 

.4 

X 

10* 

38 

4 

1 

X 

102 

6 

9 

X 

101 

16.8 

B20 

3 

24 

0 

83 

1 

.0 

X 

105 

34 

9 

3 

X 

102 

2 

0 

X 

10* 

21.9 

B21 

1 

24 

0 

75 

6 

7 

X 

106 

32 

5 

6 

X 

10' 

8 

.4 

X 

103 

15.0 

B21 

3 

24 

0 

89 

6 

.5 

X 

107 

32 

6 

5 

X 

10’> 

1 

.1 

X 

10 5 

17.2 

the  standards  of  precision  previously  given.  In  run  18.1,  in  which  the 
lowest  suspension  concentration  (0200  organisms  per  ml.)  was  employee , 
impingers  with  airflow  rates  of  16.3  and  10.4  liters  per  minute  were  used 
in  addition  to  the  usual  samplers  with  airflow  rates  of  approximately 
2  5  liters  per  minute.  It  is  of  interest  that  a  cloud  concentration  as  low 
as  1 1  organisms  per  liter  could  be  recovered  with  adequate  precision. 

respiratory  exposure  of  guinea  pigs  and  mice 

Guinea  pigs  and  mice  have  been  exposed  to  clouds  of  Brucella  sms 
in  a  limited  series  of  experiments.  The  animals  were  maintained  a 
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exposure  tor  28  to  30  days  and  then  sacrificed.  Agglutination  tests 
were  performed  on  guinea  pig  serum  taken  at  the  end  of  the  maintenance 
period.  Gross  inspection  ot  lungs,  liver,  spleen  and  lymph  nodes  was 
made  for  all  animals,  and  cultures  for  recovery  of  the  organism  were 
made  from  the  three  latter  organs.  Non-specific  pulmonary  infection 


TABLE  37 


Summary  of  Data  for  Brucella  suis  on  Respiratory  Dosage  Versus  Infection 


Per  cent 

Grouped  Data 

Run  No. 

Dose 

Infected/Total 

Infected 

Dose 

Infected/ 

Total 

Per  Cent 
Infected 

(a) 

Guinea  Pigs 

organisms 

number  of 
animals 

organisms 

B16.2 

30 

0/5 

0 

B20.1 

35 

0/9 

0 

35 

0/14 

0 

BIS 

40* 

17/2S 

61 

B20.2 

70 

1/10 

10 

B16.3 

80 

3/12 

25 

56 

21/50 

42 

B9.2a 

180 

5/6 

83 

B20.3 

190 

3/10 

30 

186 

8/16 

50 

B9.2b 

730 

5/6 

83 

1.1 

1,000 

5/6 

83 

865 

10/12 

83 

2.2 

1,570 

4/4 

100 

100 

1.2 

430,000 

6/6 

100 

(b)  Mice 

B9.  la 

35 

2/5 

40 

B9.  lb 

140 

1/3 

33 

3.1 

500 

10/12 

83 

B9.1c 

720 

5/5 

100 

*  Pooled  data  for  3  dosage  groups.  See  table  36. 


was  common  among  the  guinea  pigs.  Animals  were  not  recorded  as 
infected  with  Brucella  suis  unless  the  gross  findings  were  continued  >> 
isolation  of  the  specific  organism  from  the  involved  tissues 

The  findings  for  both  species  are  given  in  chronological  sequence 
table  36.  With  guinea  pigs,  respiratory  dosages  of  30  and  35  organisms, 
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estimated  from  the  cloud  recovery  values  as  described  previously,  failed 
to  infect  any  animals  in  two  small  groups.  Infection  of  all  animals 
exposed  was  obtained  only  in  the  two  groups  that  received  1570  organ¬ 
isms  or  more.  The  result  in  run  B18,  in  which  the  three  dosage  groups 
were  accidentally  pooled  and  could  not  be  distinguished  at  autopsy, 
seems  out  of  line  with  the  other  findings. 

For  mice  the  data  are  even  more  scanty  but  seem  fairly  consistent. 
Infection  of  two  out  of  five  animals  was  obtained  with  the  lowest  respira¬ 
tory  dosage  used,  35  organisms,  and  infection  of  all  of  five  mice  was 
recorded  in  a  group  that  received  720  organisms. 

These  data  are  reassembled  in  table  37  in  an  effort  to  estimate  the 
respiratory  dosage  level  required  to  infect  50  per  cent  of  exposed  animals 
(ID50)  for  both  species.  It  is  obvious  that  no  accurate  estimate  can  be 
based  on  these  data,  but  the  effort  seems  worth  making  for  future  refer¬ 
ence.  With  both  guinea  pigs  and  mice,  the  small  number  of  animals  and 
dosage  groups  and  the  variability  of  the  data  permit  only  rough  approxi¬ 
mations  of  the  true  ID5fl  values.  As  estimated  by  the  method  of  probits 
they  are  given  in  table  72  as  132.1  organisms  for  guinea  pigs  and  102 
organisms  for  mice. 


18 

d/A LLEOMYCES  PSEUDOMA LLEI* 

All  studies  ol  \\  hitmore’s  bacillus  were  made  with  the  virulent  W294 
strain.  The  work  was  concerned  with  the  development  of  a  satisfactory 
suspending  medium  for  atomization  and  with  exposure  of  hamsters  to 
graded  respiratory  doses.  As  collecting  medium,  extract  broth  con¬ 
taining  4  drops  of  olive  oil  in  25  ml  was  selected  arbitrarily  and  has 
g.von  cons, stent  results.  The  suspensions  used  for  spraying  were 

hours' °  f  f  °™  4  Per  glycerin  extract  agar  for  24 

“  Wcm; 

tatively  on  4  per  cent  glycol ZZ  Z “Tlat^ 

24  hours  *it  ‘  ,  1  agar-  1  lates  "'ere  incubated  for 

at  3'  C-  Unmverted’  “»<•  covered  by  unglazed  porcelain  lids. 

^  *h"  glanders  organism  were 
Spraye<l  . . formed  autopsies'  on  expose, I  ,mh„als°  S"PP  '  CU',UreS  to  be 
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This  method  permitted  surface  inoculation  with  good  results  of  as  much 
as  0.5  ml.  of  fluid,  which  facilitated  accurate  estimation  of  dilute  clouds. 


HUMIDITY  OF  THE  CHAMBER  ATMOSPHERE 

Although  parallel  tests  on  the  influence  of  relative  humidity  in  the 
low  and  high  ranges,  like  those  performed  with  S.  marcescens ,  were  not 
undertaken  with  M.  pseudomallei,  data  on  the  probable  significance  of 
this  condition  were  obtained  during  early  runs  in  which  wet-and  dry- 
bulb  temperature  data  were  recorded  but  before  relative  humidity  had 


TABLE  38 

Nominal  Recovery  of  Malleomyces  pseudomallei  at  Successive  Intervals  in  Runs 
during  Which  the  Relative  Humidity  Was  (a)  Falling  and  ( b )  Held  Constant 


Run  No. 

Period  of  Collection 

Relative  Humidity 

Nominal  Recovery 

minutes* 

per  cent 

per  cent 

Bl.l 

10-20 

93 

7.5 

40-50 

10.0 

B1.2 

10-20 

9.4 

40-50 

86 

10.3 

B3.1 

10-20 

70 

13.5 

40-50 

62 

4.5 

B3.2 

10-20 

72 

8.0 

40-50 

58 

5.4 

B5.1 

10-20 

44 

3.5 

20-30 

44 

3.6 

30-40 

47 

4.S 

40-50 

45 

4.4 

*  The  atomizer  was  started  at  0  time  and  operated  continuously  throughout 
the  sampling  period. 

been  submitted  to  adequate  control.  These  data  are  summarized  in 
table  38.  For  these  experiments  the  organisms  were  sprayec  rom 
suspension  in  extract  broth,  using  Chicago  atomizers  with  the  2,  in 
mixi.i..-  chamber.  In  run  series  B1  and  B3,  each  comprising  1 1 o  50- 
minute  runs  in  which  separate  samples  were  taken  at  the  intervals 
indicated  the  relative  humidity  tended  to  fall  during  the  course  of  the 
experiment.  In  run  series  B5  the  relative  humidity  was  held  eons  am 
and  samples  were  taken  at  successive  10  minute  intervals  10m 
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to  the  50th  minute  of  spraying.  It  appears  that  all  nominal  recovery 
values  obtained  at  relative  humidities  above  70  per  cent  ( i.e .,  in  the 
“wet  cloud”  range)  are  higher  than  those  obtained  at  lower  humidities. 
It  is  inferred  that  drying  during  atomization  into  an  atmosphere  with  a 
relative  humidity  in  the  low  or  “dry  cloud”  range  is  a  factor  in  loss  of 
this  organism,  as  it  appears  to  be  with  other  non-sporulating  agents  for 
which  data  are  available,  perhaps  excepting  Brucella  suis. 


SUSPENDING  MEDIA 

Nominal  recoveries  of  Whitmore’s  bacillus  sprayed  from  different 
suspending  media  are  listed  in  table  39  as  they  were  obtained  respec¬ 
tively  with  the  2^  inch  and  the  one  inch  mixing  chambers.  Recovery 
in  distilled  water  spraying  was  poor,  2.5  and  3.0  per  cent  for  the  two 
mixers.  Extract  broth  gave  higher  but  variable  recoveries.  In  one 
instance  with  this  medium  (run  B8),  the  addition  of  phenol  red  as  dye 
tracer  did  not  appear  to  affect  recovery  of  the  organism.  A  few  tests 
with  5  per  cent  dextrin  and  2  per  cent  gelatin  (No.  275),  both  dissolved 
in  extract  broth,  indicated  no  particular  advantage  for  these  media. 
Best  results  in  the  initial  experiments  were  obtained  with  2  per  cent 
glyceiin  in  extract  broth,  which  yielded  an  average  nominal  recovery 
of  14.5  per  cent  in  three  runs  with  the  2b  inch  mixing  chamber. 

Table  40  lists  recoveries  obtained  with  suspensions  in  different  con¬ 
centrations  of  glycerin  in  distilled  water  or  in  extract  broth.  All  these 
tests  were  made  with  the  1  inch  mixing  chamber.  Concentrations  of 
glyceiin  between  2  and  15  per  cent  in  distilled  water  all  gave  relatively 
poor  results.  Glycerin  in  extract  broth,  on  the  other  hand,  again  ap¬ 
peared  distinctly  superior  to  other  media  tested.  A  glycerin  level  of  2 
per  cent  in  this  medium  appeared  to  be  as  good  as  any  lower  or  higher 
concentration.  This  medium,  2  per  cent  glycerin  in  extract  broth 
which  gave  an  average  nominal  recovery  of  16.6  per  cent  in  15  runs  was 
therefore  adopted  and  used  for  all  subsequent  animal  runs.  It  ma’v  be 
noted  that  the  recovery  data  obtained  by  the  use  of  this  medium  in  both 

-  .  d  B  chambers  have  been  found  subject  to  rather  wide  variation 
whose  causes  have  not  been  determined. 

THE  ATOMIZER  AIR  PRESSURE  EFFECT 

'  mCrCaS"1R  at°m,Zei'  air  pressure-  These  experiments  were  performed 
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with  the  same  atomizer  and  otherwise  under  the  same  conditions  as 
were  those  with  S.  marcescens.  They  suggest  that  Whitmore’s  bacillus 


TABLE  39 


Nominal  Recovery  of  Malleomyces  pseudomallei  Sprayed  from  Suspension  in 

Different  Media 


Run  No. 


Suspending  Medium 


Relative  |  Nominal 
Humidty  i  Recovery 


(a)  2§  inch  Mixing  Chamber 


B6.1 

Distilled  water 

per  cent 

42 

per  cent 

2.5 

Bl.l 

Extract  broth 

93 

9.2 

B1.2 

Extract  broth 

86 

9.9 

B3.1 

Extract  broth 

68 

9.0 

B3.2 

Extract  broth 

65 

6.7 

B5.1 

Extract  broth 

46 

4.1 

B5.2 

Extract  broth 

48 

2.7 

B6.4 

Dextrin,  5  per  cent  in  extract  broth 

43 

9.9 

Al.l 

Glycerin,  2  per  cent  in  extract  broth 

50 

10.3 

A1.2 

Glycerin,  2  per  cent  in  extract  broth 

36 

16.6 

A2.3 

Glycerin,  2  per  cent  in  extract  broth 

24 

16.6 

(b)  1  inch  Mixing  Chamber 


B9.1 

Distilled  water 

37 

3.0 

B7.1 

Extract  broth 

56 

11.7 

B7.2 

Extract  broth 

59 

16.3 

B8.2 

Extract  broth 

51 

4.6 

B8.3* 

Extract  broth 

46 

4.7 

B9.2 

Extract  broth 

43 

5.7 

BIO.  1 

Extract  broth 

40 

6.0 

B8.5 

Dextrin,  5  per  cent  in  extract  broth 

45 

6.2 

B9.5 

Dextrin,  5  per  cent  in  extract  broth 

32 

9.3 

All .  1 

Gelatin,  2  per  cent  in  extract  broth 

33 

9.0 

*  Sprayed  with  phenol  red  as  tracer. 


Shows  a  similar  tendency  toward  increased  recovery  with  increasing 
atomizer  air  pressure.  The  tendency  is  distinctly  less  marked  m 
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present  instance,  however,  and  the  variability  of  the  data  is  much 
greater.  The  highest  nominal  recovery  was  nevertheless  obtained  with 


TABLE  40 


Nominal  Recovery  of  Malleomyces  pseudomallei  Sprayed  from  Suspension 
in  Glycerin  at  Different  Concentrations 
Chicago  atomizers  with  1  inch  mixing  chamber 


Run  No. 


Suspending  Medium 


Glycerin 


Diluent 


per  cent 


A3. 1 


9 


Distilled  water 


BIO.  3 
A3. 2 
A3. 3 
A3. 4 


5 

10 

15 


Distilled  water 
Distilled  water 
Distilled  water 
Distilled  water 


A6.1 

A6.2 

A6.3 


0.1  Extract  broth 
0.5  Extract  broth 
1  Extract  broth 


A5.1 

2 

A6.4 

2 

A7.1 

2 

A7.2 

2 

A7.3 

2 

B13 

2 

B14 

2 

B15 

2 

B16 

2 

B18 

2 

B19 

2 

B20 

2 

B21.1 

2 

B21.2 

2 

B22.2 

2 

A4.2 

5 

A5.2 

5 

A4.3 

10 

A5.3 

10 

A4.4 

15 

A5.4 

15 

Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 


Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 
Extract  broth 


Relative 

Nominal 

Humidity 

Recovery 

Per  cent 

per  cent 

22 

4.4 

39 

8.7 

19 

7.9 

18 

6.9 

28 

7 . 7 

51 

6.5 

42 

9.8 

44 

13.5 

42 

27.4 

44 

13.9 

77 

10.9 

46 

14.7 

51 

13.9 

39 

21.3 

36 

19.0 

45 

10.7 

44 

9.2 

38 

34.8 

32 

22.5 

33 

15.6 

35 

15.6 

42 

10.9 

48 

8.0 

40 

28.7 

39 

17.9 

32 

25.9 

41 

14.2 

27 

24.2 

51 

16.8 

15G 
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RESPIRATORY  INFECTION  IN  HAMSTERS 

Experiments  with  hamsters  in  a  moderately  extensive  series,  which 
yielded  a  relatively  consistent  dosage-response  pattern,  were  performed 
during  the  course  of  studies  with  suspending  media  and  as  other  methods 
were  being  developed.  Animals  were  exposed  in  small  numbers  during 
most  of  these  experiments,  the  numbers  increasing  in  the  later  runs.  All 
animals,  including  those  that  died  and  survivors,  which  were  sacrificed 
20  days  after  exposure,  were  autopsied,  and  in  nearly  all  experiments 
cultures  for  the  specific  organism  were  made  from  their  organs.  All 


TABLE  41 

Influence  of  Increasing  Atomizer  A  ir  Pressure  on  Nominal  Recovery  of  Clouds  of 

Malleomyces  pseudomallei 


Chicago  atomizer  No.  28  with  1  inch  mixing  chamber.  Suspension  for  spraying 
in  2  per  cent  glycerin  in  extract  broth. 


Run  No. 

Primary  Air 

Secondary 

Air 

Fluid  Flow 

Relative 

Humidity 

Nominal 

Recovery 

p.s.i* 

l./min. 

l./min. 

gm./min. 

per  cent 

per  cent 

A  7 . 1 

7 

12.5 

50 

0 . 53 

77 

10.9 

AT .  2 

8 

15.8 

61 

0.67 

-16 

14.7 

AT.  3 

9 

14.3 

57 

0.61 

51 

13.9 

AT.  4 

10 

15.2 

61 

0.88 

52 

11.1 

A8.1 

11 

15. T 

63 

1 .07 

68 

99  O 

A8.2 

12 

16.0 

64 

1.23 

63 

9.8 

A8.3 

13 

16.9 

68 

1.32 

54 

16.5 

ASA 

14 

IT  .5 

TO 

1.49 

57 

18.1 

A9.1 

15 

17.6 

TO 

1.38 

64 

19.8 

A9.2 

16 

18.1 

72 

1.61 

68 

14.5 

IT 

rjr 

1.71 

7>, 

20 . 1 

A  9 . 3 

18.  < 

i  0 

31.1 

A9.4 

18 

19.3 

77 

1.77 

71 _ 

*  Pounds  per  square  inch. 


animals  that  became  infected  died  between  3  and  1 1  days  after  exposure. 
Surviving  animals,  sacrificed,  autopsied  and  cultured,  showed  no  in- 
stances  of  latent  infection. 

The  findings,  along  with  relevant  cloud  chamber  data,  are  assemble 
in  table  42  in  chronological  order.  Deaths  occurred  with  respiratory 
doses  as  small  as  5  organisms,  but  negative  results  were  obtained  m 
several  instances  with  larger  doses,  as  many  as  <8  organisms  tailing 
kill  any  of  4  exposed  animals  in  one  experiment  (run  B20a).  Dosages 
oifififi  organisms  or  more  invariably  killed  all  animals  exposed.  The 
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TABLE  42 


Data  on  Exposure  of  Hamsters  to  Clouds  of  Malleomyces  pseudomallei 


Run  No. 

Concentration 

Sprayed 

j  Relative 
Humid¬ 
ity 

Nomir.a 

Recover. 

Cloud 

r  Concentration 
Recovered 

Exposure 

Time 

Dose 

1 

|  organisms  !  ml . 

per  cent 

per  cent 

|  organisms/l. 

min. 

org. 

Bl.l 

8.1  X  10’* 

93 

9.2 

1.1  X  101 

(a)  10 

5 

(b)  40 

22 

B1.2 

7.8  X  10’* 

86 

9.9 

1.1  x  102 

(a)  10 

46 

(b)  40 

205 

B3.1 

8.9  X  105* 

68 

9.0 

9.2  X  10! 

(a)  10 

607 

(b)  40 

1.620 

B3.2 

1.3  X  107* 

65 

6.7 

1.1  X  10- 

(a)  10 

6,220 

(b)  40 

21,280 

B4.1 

3.8  X  10’* 

42 

1.8 

5.5  X  10' 

(a)  10 

4 

(b)  40 

10 

B4.2 

6.5  X  105* 

41 

0  5 

2.2  X  10' 

(a)  10 

12 

(b)  40 

48 

Bll 

3.8  X  104 1 

39 

22.9 

3.4  X  10> 

(a)  10 

20 

(b)  30 

64 

(c)  60 

123 

B12 

2.2  X  1 0 4 f 

43 

7.8 

1.6  X  101 

(a)  10 

9 

(bl  30 

25 

B15 

(c)  60 

50 

2.5  X  1 0 1  f 

45 

11.0 

2.7  X  10> 

(a)  12 

22 

(b)  30 

46 

B16 

(c)  60 

90 

3.4  X  105f 

44 

9.2 

2.7  X  102 

10 

14S 

B17.1 

6.6  X  10't 

42 

15.0 

8.0  X  10' 

(a)  2 

12  | 

(b)  5 

32 

B17.2 

6.1  X  105f 

44 

23.1 

1.1  X  10’ 

(c)  10 
(a)  2 

66 

ISO 

(b)  5 

480  1 

B17.3 

5.9  X  105t 

38 

23.1 

1.0  X  10' 

(c)  10 
(a)  2  | 

1.030  ; 

1 ,450 

(b)  5 

3,410 

B18 

6.7  X  105| 

38 

34.8 

1.8  X  103 

(c)  10 

(a)  2 

6,540 

236 

(b)  5 

535 

B19 

4.5  X  105f 

32 

22.5 

7.7  X  102 

(c)  10  ! 

(a)  2 

984 

76 

(b)  5 

245 

B20 

6.1  X  105f 

33 

15.6 

7.4  X  102 

(c)  10 
(a)  2 

495 

78 

(b)  5 

186 

(c)  10  566 


Number  of 
Animals 
Dead/ 
Total 


2/4 
2/2 
1/2 
3/4 
4/4 
4/4 
4/4 
4/4 
0/4 
1/4 
1/4 
2/4 
1/6 
3/4 
2/3 
0/5 
0/6 
1/4 
0/4 
1/4 
3/6 
3/3 
0/4 
0/4 
1/4 
2/4 
2/4 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
2/4 
1/4 
4/4 
0  1 
2/4 
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TABLE  42 — Concluded 


Run  No. 

Concentration 

Sprayed 

Relative 

Humid¬ 

ity 

Nominal 

Recovery 

Cloud 

Concentration 

Recovered 

Exposure 

Time 

Dose 

Number  of 
Animals 
Dead/ 
Total 

organisms/ml. 

per  cent 

per  cent 

organisms/l. 

min . 

org. 

B21 . 1 

6.3  X  104f 

34 

15.6 

9.9  X  101 

(a) 

20 

131 

4/6 

(b) 

10 

62 

1/6 

(c) 

'  7 

42 

3/6 

B21.2 

7.1  X  105f 

42 

10.9 

7.6  X  102 

(a) 

5 

265 

5/6 

(b) 

10 

556 

5/6 

(c) 

20 

1,010 

6/6 

B22.1 

2.6  X  10 'f 

45 

7.3 

1.9  X  101 

(a) 

10 

11 

3/14 

(b) 

20 

21 

4/15 

B22.2 

1.2  X  105f 

48 

8.0 

9.0  X  101 

(a) 

10 

57 

4/15 

(b) 

20 

115 

11/15 

*  Suspended  for  spraying  in  extract  broth. 

t  Suspended  for  spraying  in  2  per  cent  glycerin  in  extract  broth. 


TABLE  43 


Pooled  Group  Data  on  Respiratory  Dosage  of  Malleomyces  pseudomallei  Versus 

Mortality  in  Hamsters 


Run  Numbers 

Dose 

Hamsters 

Range 

Average* 

Dead/ 

Total 

Per  Cent 
Dead 

organisms 

Bl.la,  4.1a,  12a 

4-9 

6 

2/13 

15.4 

B4.1b,  4.2a,  17.1a,  22.1a 

10-12 

11.3 

5/26 

19.2 

Bl.lb,  11a,  12b,  15a,  22.1b 

20-25 

21.7 

7/33 

21.2 

B1.2&,  4.2b,  12c,  15b,  17.1b,  21.1c 

32-50 

44.0 

8/24 

33.3 

Bill),  15c,  17.1c,  19a,  20a,  21.1b,  22.2a 

57-90 

69.9 

18/43 

41.8 

Bile.  16,  17.2a,  20b,  21.1a,  22.2b 

115-186 

140 

24/35 

68.8 

B1.2b,  18a,  19b,  21.2a 

205-265 

238 

13/18 

72.2 

B3.1a,  17.2b,  18b,  19c,  20c,  21.2b 

480-607 

540 

23/26 

66.5 

B3  lb,  17.2c,  17.3a,  18c,  21.2c 

894-1,620 

1,220 

22  22 

100 

B3.2a,  3.2b,  17.3b.  17.3c 

3, 440-21, 2S0 

9,370 

16/16 

100 

*  Weighted  for  the  number  of  animals  in  each  exposure  gioup. 


grouped  data  in  table  43  show  a  consistent  trend  oi  increasing  mortality 
with  increasing  dosage.  Analyzed  by  the  method  of  probits  (table  72), 
these  data  yielded  the  most  reliable  LDM  value-73.5  organism-ob¬ 
tained  in  this  work,  comparable  in  reliability  with  the  1 1)»  value  toi  the 
6BC  strain  of  psittacosis  virus  as  given  below. 


STABILITY  AND  INFE CTIVITY  OF  BACTERIA 


159 


19 

MA  LLEOMYCES  MA  LIE  I* 

A  limited  series  of  experiments  with  the  glanders  organism  were  per¬ 
formed  (a)  to  test  for  stability  and  recovery  in  the  suspending  medium 
selected  for  Whitmore’s  bacillus,  and,  the  result  of  these  tests  having 
been  satisfactory,  (b)  to  study  its  infect ivity  for  hamsters  by  the  respira- 


TABLE  44 

Nominal  Recovery  of  Clouds  of  Malleomyces  mallei 

Chicago  atomizer  with  1  inch  mixing  chamber.  Suspension  for  spraying  in  2 
per  cent  glycerin  in  extract  broth. 


Run  No. 

Concentration 

Sprayed 

Relative 

Humidity 

organisms /ml. 

per  cent 

Al.l 

3.0  X  106 

47 

A1.2 

2.7  X  107 

40 

A1.3 

2.6  X  107 

38 

A3. 1 

2.4  X  107 

26 

A4.1 

3.8  X  10s 

52 

A4.2 

2.1  X  107 

38 

A4.3 

2.2  X  10" 

38 

A5.1 

7.2  X  108 

44 

A5.2 

6.9  X  107 

37 

A5.3 

7.4  X  10« 

32 

B2.1 

3.4  X  103 

31 

B2.2 

3.2  X  106 

28 

B3.1 

1.8  X  10s 

40 

B3 . 2 

1.6  X  10® 

38 

B3.3 

1.4  X  107 

37 

B4.1 

3.4  X  10® 

34 

B4 . 2 

1.1  X  107 

32 

B4 . 3 

4.6  X  107 

34 

Cloud  Sprayed 

Cloud  Recovered 

Nominal 

Recovery 

organisms/l. 

organisms/l. 

per  cent 

1.9  X  10' 

2.3  X  103 

11.8 

1.9  X  105 

1.6  X  104 

8.0 

1.8  X  10s 

1.7  X  10' 

9.0 

8.8  X  105 

7.4  X  103 

8.4 

2.9  X  106 

1.8  X  103 

6.4 

1.6  X  105 

2.3  X  104 

14.6 

1.7  X  10' 

2.6  X  103 

15.4 

5.5  X  10° 

5.0  X  103 

9.1 

5.2  X  103 

7.5  X  10* 

14.3 

4.2  X  10' 

4.7  X  103 

11.3 

2.9  X  103 

1.9  X  102 

6.7 

1.9  X  104 

2.3  X  103 

12.2 

1.8  X  103 

9.5  X  101 

5.4 

1.4  X  1  O' 

9.0  X  102 

6.4 

9.8  X  10* 

6.1  X  103 

6.2 

3.3  X  104 

2.8  X  103 

8.7 

9.7  X  104 

1.8  X  10* 

IS. 2 

3.9  X  105 

5.9  X  104 

15.1 

preferred  for  M .  psewlomal„, 

See  the  footnote  under  the  Preceding  species  heading,  M.  vseudomallei. 


TABLE  45 

Data  on  Cloud  Chamber  Experiments  with  Malleomyces  mallei  in  Hamsters 


Run  No. 

Nominal 

Recovery 

Cloud 

Recovered 

Exposure 

Time 

Dose 

Number  of 
Animals 
Dead/Tctal 

Collectec 

Data 

Dead/Total 

Per  Cent 
Dead 

per  cent 

org./l. 

min. 

organisms 

Bl .  la 

10* 

6.0  X  101* 

2 

9 

0/3 

Bl .  lb 

10* 

6.0  x  101* 

5 

21 

0/4 

Maximum 

21 

- 

0/7 

0 

B3 .  la 

5.4 

9.5  X  10' 

5 

30 

1/6 

Bl.lc 

10* 

6.0  X  10>* 

10 

37 

2/4 

B2.  la 

6.7 

1.9  X  102 

5 

45 

2/6 

.4  rerage 

37 

5/16 

31 

B3.1b 

5.4 

9.5  X  101 

10 

60 

1/6 

Bl .  2a 

10* 

6.4  X  102* 

2 

68 

2/4 

B3.1c 

5.4 

9.5  X  101 

29 

100 

1/6 

B2.1b 

6.7 

1.9  X  102 

10 

120 

4/5 

Average 

87 

8/21 

3S 

B2.1c 

6.7 

1.9  X  102 

20 

239 

3/6 

B3.2a 

6.4 

9.0  X  10 

5 

250 

3/4 

Bl .  2c 

10* 

6.4  X  102* 

10 

439 

4/4 

B3.2b 

6.4 

9.0  X  102 

10 

539 

1/6 

Average 

365 

11/20 

55 

B2.2a 

12.2 

2.3  X  103 

5 

670 

5/5 

Bl  .3a 

10* 

5.6  X  103* 

2 

795 

3/4 

Average 

725 

8/9 

89 

B3 . 2  ? 

6.4 

9.0  X  102 

20 

1,090 

4/4 

B4 . 1  a 

8.7 

2.8  X  103 

10 

1,550 

12/12 

B4.1b 

8.7 

2.8  X  103 

20 

2,620 

12/12 

B3.3a 

6.2 

6.1  X  103 

5 

1,750 

6/6 

B3.3b 

6.2 

6.1  X  103 

10 

3.420 

6/6 

B3.3  ■ 

6.2 

6.1  X  103 

20 

7,250 

5/5 

B4.2a 

18.2 

1.8  X  104 

10 

9,450 

12/12 

B4 . 2b 

18.2 

1.8  X  104 

20 

21,400 

12/12 

B4.3a 

15.1 

5.9  X  10' 

10 

31,600 

12/12 

B4.3b 

15.1 

5.9  X  10' 

20 

61,700 

12/12 

Minimum 

1,090 

!  93/93 

100 

*  Impinger  plates  were  contaminated  and  uncountable  in  run  Bl.  Estimates 
of  recovery  and  dosage  we  e  made  from  suspension  counts  on  the  basis  ot  an 


assumed  recovery  of  10  per  cent. 
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wise  the  same  as  for  the  preceding  species,  extract  broth  with  olive  oil. 
Dilutions  and  plating  were  also  made  by  the  same  methods,  except  that 
plates  were  incubated  48  hours  at  37°C.  instead  of  24  hours. 


NOMINAL  RECOVERY  OF  SUSPENSIONS  IN  GLYCERIN  BROTH 

Nominal  recovery  findings  obtained  with  M.  mallei  sprayed  under 
standard  conditions  from  suspension  in  2  per  cent  glycerin  in  extract 
broth  are  summarized  in  table  44.  The  average  nominal  recovery  in 
this  series  of  18  runs,  done  with  both  A  and  B  chambers,  is  10.4  per  cent. 
The  variability  is  relatively  high,  as  it  was  with  Whitmore’s  bacillus. 
Here  as  with  other  agents  there  appears  to  be  no  correlation  of  nominal 
recovery  with  either  concentration  sprayed  or  relative  humidity,  within 
the  range  of  each  that  obtained  (concentration  sprayed,  1.8  X  105  to 
7.2  X  10s  organisms  per  ml;  relative  humidity,  20  to  52  per  cent). 


RESPIRATORY  EXPOSURE  OF  HAMSTERS 

The  method  employed  for  assessment  of  infection  with  M.  mallei  in 
hamsters  was  the  same  as  that  used  with  M.  pseudomallei.  Infected 
animals  all  died  from  3  to  14  days  alter  exposure.  The  results  are  given 
in  table  45  lor  each  dosage  group  in  increasing  order  of  dosage,  and  are 
assembled  by  groups  over  the  range  from  0  to  100  per  cent  mortality. 
Although  the  number  ol  animals  tested  at  the  low  and  intermediate 
dosage  levels  is  small,  the  results  show  a  considerable  degree  of  con¬ 
sistency.  The  smallest  dosage  required  to  kill  one  or  more  animals 
appears  to  be  about  30  organisms,  and  all  animals  that  received  1000 
organisms  or  more  were  killed.  By  the  method  of  probits  (table  72), 
an  LD50  value  ot  158.7  organisms  was  derived,  which  despite  the  limited 
data  appears  to  be  comparatively  reliable. 


20 

P ASTEURELLA  TUL AREN SIS* 

Initial  experiments  with  P.  tularenm  suggested  that  this  organism  is 
extremely  lab.le  and  erratic  in  its  behavior.  Nominal  recoveries  weU 

O’Ea^Tn^Lf  XT Snydlfr m uT^e"  L*  C°rie11’  Maj‘  D'  J- 

M.2/c  W.  Gennert  were  assigned  tn  ^  gle^’  Ens'  H-  T-  Eigelsbach  and  Ph. 
ated  actively  in  the  preparation  of  si'0'  V  ' ."eCt  .y  "ltE  tlie  authors,  and  cooper- 
exposed  animals.  ?  P  ^  °f  8USpenS10ns’  «  gating,  and  in  the  workup  of 
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below  1  per  cent,  and  inconsistent  plate  counts,  indicated  that  a  special 
effort  would  be  required  to  find  a  satisfactory  stabilizing  medium  for 
spraying  and  to  select  or  devise  conditions  of  growth  that  might  yield  a 
culture  with  reproducible  properties.  Although  this  organism  was 
consequently  given  more  attention  than  others,  the  major  problems 
relating  to  it  have  not  been  satisfactorily  solved.  The  data  nevertheless 
seem  worthy  of  presentation  as  a  basis  for  further  study. 

The  virulent  “Schu”  strain  of  P.  tidarensis  was  used  throughout. 
Except  for  one  instance  in  which  the  organisms  were  harvested  from 
surface  growth  on  blood-dextrose-cysteine  agar,  all  cultures  were  grown 
in  Snyder’s  peptone  broth  (56)  with  aeration  by  continuous  shaking. 
Cultures  were  grown  in  some  instances  at  37°C.,  in  others  at  uncon¬ 
trolled  room  temperature,  or,  in  later  experiments,  in  a  constant  low 
temperature  (20-26°C.)  incubator  for  varying  periods  as  stated  below. 
Dilutions  for  counting  were  made  in  1  per  cent  gelatin  in  0.9  per  cent 
NaCl.  Plating  was  done  by  surface  streaking,  at  first  on  Snyder’s 
peptone  agar  (56),  later  on  blood-dextrose-cysteine  agar  plates.  In 
some  instances  unglazed  porcelain  lids  were  used  on  plates,  but  inocula 
as  large  as  0.5  ml  could  not  be  employed  successfully.  The  blood 
plates  were  found  generally  to  give  higher  and  more  consistent  counts 
than  the  Snyder  medium.  Counting  colonies  on  the  opaque  medium 
was  facilitated  by  the  use  of  reflected  light  with  the  aid  ot  petri  dish 
covers  ruled  in  square  centimeters.  The  plates  were  incubated  for  2 
days  at  37  °C. 


COLLECTING  MEDIA 

A  medium  consisting  of  1  per  cent  gelatin  in  0.9  per  cent  NaCl,  with 
4  drops  of  olive  oil  added  to  25  ml.  of  fluid,  was  selected  for  sampling 
on  the  basis  of  the  data  given  in  tables  46  and  47.  In  the  bubbling  tests 
(table  46),  recovery  in  this  medium  was  superior  to  that  in  gelatin 
diluent,  physiological  saline,  0.5  per  cent  dextrin  solution,  distilled 
water,  0.1  per  cent  cysteine,  0.5  per  cent  horse  serum,  and  10  per  cent 
glycerin.  High  recoveries  were  also  obtained  with  a  peptone-glucose- 
cvsteine  medium  and  with  Snyder’s  peptone  broth;  but  these  media 
were  not  chosen  for  collection  because  they  support  growth  ot  the  or¬ 
ganism,  whereas  gelatin-saline  does  not. 

Recoveries  in  a  cloud  chamber  run  (table  47)  were  about  as  satis¬ 
factory  in  the  gelatin-saline  medium  as  in  Snyder’s  medium  or  in  (C 
per  cent  NaCl,  and  distinctly  superior  to  that  in  distilled  water.  e 
gelat  in  saline  medium  was  also  found  to  compare  favorably  with  ZoBell  s 
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solution,  as  shown  in  table  48.  It  will  be  noted  that  the  latter  medium 
was  used  in  the  comparative  tests  of  standard  and  tubular  impingers 
previously  given  (table  20). 


TABLE  46 

Collecting  Media  for  Pasterurella  tularensis.  Results  of  Tests  in  Which  Air  Tf'as 
Bubbled  through  Impingers  ( Average  Rate  of  Flow  2.2  Liters  per  Minute), 
Containing  a  Suspension  of  the  Organism,  for  15  Minutes 


Concentrator 
Before  Bub¬ 
bling 

Collecting  Medium 

Concentra¬ 
tion  After 
Bubbling 

Recovery 

organisms/ml 

organisms /ml 

per  cent 

S60 

1  per  cent  gelatin  in  0.9  per  cent  NaCl 

800 

93.0 

980 

111.4 

Gelatin  diluent 

800 

93.0 

320 

37.2 

0.9  per  cent  NaCl  in  water 

180 

20.9 

570 

66.4 

0.5  per  cent  dextrin  in  water 

10 

1  .2 

10 

1.2 

Distilled  water 

0 

0 

— 

10 

1.2 

830 

Peptone-glucose -cysteine 

1 ,010 

121.7 

950 

114.4 

0.1  per  cent  cysteine  HC1,  pH  7.0 

800 

96.5 

410 

49.4 

Snyder’s  peptone  broth,  pH  6.8 

840 

101.2 

760 

91.8 

0.5  per  cent  horse  serumHn  water 

210 

25.3 

210 

25.3 

10  per  cent  glycerin  in  water 

230 

27.7 

- - 

220 

26.4 

humidity  of  the  chamber  atmosphere 
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a  series  of  parallel  tests  was  made  under  different  conditions  to  assess 
the  significance  of  drying  as  a  destructive  agency.  The  results  are 
summarized  in  table  49.  With  all  suspending  media  tested  except  10 
per  cent  glycerin,  a  marked  increase  in  yield  was  obtained  with  wet 
clouds  as  compared  with  dry.  The  data  are  assembled  in  order  of  in- 

TABLE  47 


Comparison  of  Four  Collecting  Media  in  a  Cloud  Chamber  Run  with  Pasteurella 

tularensis 


RunNo. 

Concentration 

Sprayed 

Collecting  Medium 

Cloud 

Recovered 

Nominal 
Rec  ivery 

organisms;  ml. 

org./l. 

per  cetA 

B1.2 

6.2  X  108 

Peptone  broth  +  olive  oil 

2.8  X  103 

0.04 

1  per  cent  gelatin,  0.9  per  cent  Na(’l,  + 

2.1  X  103 

0.03 

olive  oil 

0.9  per  cent  NaCl  in  water 

2.0  X  103 

0.03 

Distilled  water 

1.6  X  102 

. 

0.002 

TABLE  4S 


Comparison  of  ZoBelVs  Solution  and  Gelatin  Saline  as  Collecting  Media  for 

Pasteurella  tularensis 

Culture  grown  in  Snyder’s  peptone  medium  for  72  hours  at  20  C,  and  sus¬ 
pended  for  spraying  in  2  per  cent  glycerin  in  distilled  water. 


Run 

No. 

Concentra¬ 

tion 

Sprayed 

Rela¬ 

tive 

Hu¬ 

midity 

Cloud  Sprayed 

Collecting 

Medium 

Impin- 

ger 

No. 

Cloud  Recoverd 

Nom¬ 

inal 

Re¬ 

covery 

organisms/m!. 

per 

cent 

org./l. 

org./l. 

Average 

per  cent 

1 

Gelatin- 

saline* 

13 

86 

3.9  X  104 
2.7  X  104 

3.3  X  104 

0.9 

A37.2 

3.4  X  108 

56 

3.6  X  106  . 

1 

ZoBell’s 

solution 

59 

79 

3.3  X  104 
2.5  X  104 

2.9  X  104 

0.8 

Four  arops  oi  ouve  on 


weie  added  to  25  ml.  of  this  me  hum  only. 


creasing  nominal  recovery  under  dry  cloud  common  They  demon 
strate  the  curious  phenomenon  previously  noted  with  S. -rm  _• 

that  as  the  nominal  recovery  of  the  dry  cloud  "  ecoverv 

to  be  nroeressively  improved  suspending  media,  the  wet  cl 
increases  at^sloiver  rate  which  may  be  insignificant,  and  m convene 
the  ratio  of  wet  cloud  to  dry  cloud  recoveries  decreases  markedly 


TABLE  49 

Xominal  Recovery  of  Paste urella  tularensis  Sprayed  under  Parallel  Conditions  into  Atmospheres  of  Low  and  High 

Relative  Humidity 
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sequence  that  can  hardly  be  attributed  to  coincidence.  The  significance 
ol  this  finding  is  not  known,  but  it  seems  possible  that  one  factor  in 
stabilizing  the  organism  for  spraying  as  a  dry  cloud  is  that  of  protection 
against  drying.  In  proportion  as  this  factor  acts  more  efficiently,  the 
improved  yield  in  a  wet  cloud  would  be  correspondingly  decreased.  It  is 
nevertheless  clear  from  these  findings,  as  it  is  from  those  with  other 
agents,  that  drying  can  account  for  only  a  small  part  of  the  loss  on 
atomization. 

The  data  obtained  on  spraying  from  10  per  cent  glycerin,  included 
in  table  49,  show  a  reversed  relationship  to  humidity.  This  result  is 
attributed  in  part  to  the  protective  effect  against  drying  exerted  by  glyc¬ 
erin  because  of  its  hygroscopic  character,  so  that  one  might  expect  no 
improvement  in  yield  in  a  wet  cloud.  The  observed  impairment  may 
be  due  to  the  same  property  of  glycerin,  which  by  condensation  of  water 
on  the  droplets  in  a  saturated  atmosphere  may  significantly  increase  their 
rate  of  settling  and  thus  decrease  the  air-borne  residue. 


GROWTH  CONDITIONS  AND  SUSPENDING  MEDIA 

Data  on  the  influence  of  variations  in  time  and  temperature  of  growth 
of  P.  tularensis,  and  in  composition  of  the  suspending  medium  for  atom¬ 
ization,  are  given  in  tables  50  and  51.  Table  50  summarizes  the  data 
for  suspending  media  other  than  glycerin.  The  experiments  are  ar¬ 
ranged  according  to  the  suspending  medium  used,  their  chronological 
sequence  being  indicated  by  the  integral  run  numbers.  All  the  early 
media  tried,  using  cultures  grown  at  37°C.  tor  24  hours,  gave  nominal 
recoveries  of  0.1  per  cent  or  lower.  The  first  encouraging  results  re¬ 
corded  in  table  50  were  those  in  series  A13  and  A14,  in  which  cultures 
grown  at  37°C.  for  24  hours  and  at  room  temperature  for  48  hours, 
respectively,  were  suspended  in  increasing  percentages  ol  Bacto  peptone 
in  distilled  water.  Peptone  solution  gave  distinctly  higher  yields  than 
the  earlier  media.  The  15  per  cent  peptone  medium  having  given  the 
best  recovery  (run  A13.3,  3.6  per  cent),  replicate  experiments  were  set 
up  with  this  medium,  using  cultures  grown  under  both  sets  ol  conditions 
J  previously.  In  these  experiments  (A16  and  A17),  good  results  were 
obtained  with  48-hour  room  temperature  cultures  but  not  with  24-ioiu 
37°C.  cultures.  In  the  meantime  initial  experiments  wi  i  SU,,P™S10 
in  glycerin  had  given  even  better  results,  as  noted  be  ow.  l  ie  two 
experimental  series,  A15  and  A22,  were  therefore  performed  to  test 
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peptone-glycerin  mixtures  at  increasing  concentrations,  with  cultures 
grown  under  the  two  different  conditions  as  before.  The  findings  again 
showed  a  consistent  advantage  for  the  room  temperature  cultures,  but 
the  results  as  a  whole  seemed  disappointing,  so  that  the  study  ol  pept  one 
media  was  discontinued  in  favor  of  experiments  with  glycerin.  In  the 
light  of  subsequent  experience,  as  will  lie  seen,  this  step  may  have  been  a 
mistake. 

Table  50  also  includes  data  on  a  series  of  replicate  runs  with  sus¬ 
pending  media  containing  either  dextrin,  glycerin  or  gelatin,  to  which 
marmite  and  ascorbic  acid  were  added.  Variable  recoveries  were  ob¬ 
tained  that  suggested  no  advantage  for  these  media. 

Table  51  presents  the  data  lor  six  series  of  runs,  in  each  of  which 
different  percentages  ol  glycerin  in  distilled  water  were  used  as  sus¬ 
pending  medium.  The  first  series  chronologically  was  A12,  in  which  a 
conspicuously  high  nominal  recovery — 10.0  per  cent — was  obtained  with 


2  per  cent  glycerin,  using  a  culture  grown  at  room  temperature  for  48 
hours.  Higher  percentages  of  glycerin  gave  lower  recoveries.  This 
lesult  was  repeated  in  run  series  A 19,  done  under  similar  conditions. 
Since  a  parallel  series,  A18,  performed  with  a  culture  grown  at  37°C. 
tor  24  hours,  gave  a  much  poorer  yield  at  the  2  per  cent  glycerin  level,  in 
apparent  conformity  with  the  results  with  peptone  media,  the  lower 
temperature  was  selected  for  most  subsequent  experiments,  and  2  per 
cent  glycerin  was  generally  adopted  as  suspending  medium.  Recov¬ 
eries  with  lower  percentages  of  glycerin  (run  A24)  gave  distinctly  poorer 
yields;  and  although  10  per  cent  and  15  per  cent  glycerin  gave  even 
higher  yields  in  one  series  (run  A27),  the  values  could  not  he  duplicated 
m  a  later  trial  (run  A38).  Such  high  percentages  of  glycerin,  moreover 
seemed  objectionable  in  that  they  would  be  expected  to  induce  a  marked 
increase  in  particle  size  of  the  cloud. 

On  the  basis  of  these  findings  most  subsequent  studies  with  P  tularen- 

™  ,"'ere  pe;f0rmed  with  cultares  grown  in  Snyder's  peptone  broth  for 
48  hours  at  room  temperature  and  suspended  in  2  per  cent  glycerin  in 
distilled  water.  Experience  soon  showed,  however,  that  thl  conrlU 

lndmlC'thenMbarhi  l"  ,We!''e8  insurc  c,msi5ta>t|y  good  results, 
need,  the  initial  high  recoveries,  10.0  and  8.1  per  cent  were  never 


TABLE  50 

Nominal  Recovery  of  Dry  Clouds  of  Pasteurella  tularensis  under  Different  Conditions  of  Growth  in  Snyder’s  Peptone  Broth  and  of 

Suspending  Medium  for  Spraying 
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ATTEMPTS  AT  STABILIZATION 
Variation  in  Recovery 

A  series  ot  attempts  was  made  to  define  the  causes  of  the  erratic  be¬ 
havior  of  P .  tularensis ,  both  by  direct  experiment  and  by  analysis  of  a 


TABLE  51 


Nominal  Recovery  of  Dry  Clouds  of  Pasteurella  tularensis,  Grown  in  Snyder’s 
Peptone  Broth,  Sprayed  from  Suspension  in  Glycerin  in  Distilled  Water 


Run  No. 

Culture  Growth 

Glycerin 

Concentration 

Sprayed 

Relative 

Humid¬ 

ity 

Cloud  Concentration 

Nominal 

Recov¬ 

ery 

Temp 

Time 

Sprayed 

Recovered 

°C. 

hrs. 

per  cent 

organisms /ml . 

per  cent 

organisms/l. 

organisms/l. 

per  cent 

A24.4 

R.T. 

48 

0.1 

1  .3  X  108 

32 

1.1  X  io6 

1.6  X  103 

0.1 

A‘24.3 

R.T. 

48 

0.5 

9.7  X  107 

38 

9.7  X  105 

3.9  X  103 

0.4 

A‘24.2 

R.T. 

48 

1 

2.5  X  10s 

38 

2.0  X  106 

7.6  X  103 

0.4 

A24.1 

R.T. 

48 

2 

2.4  X  108 

4S 

1.6  X  10« 

4.0  X  104 

2.5 

A12.1 

R.T. 

48 

2 

4.9  X  108 

65 

1 .4  X  106 

1 .5  X  106 

10.0 

A12.2 

R.T. 

48 

4 

5.0  X  108 

50 

1 .8  X  106 

5.0  X  104 

2.8 

A12.3 

R.T. 

48 

6 

4.7  X  108 

41 

1.7  X  106 

2.4  X  104 

1.1 

A12.4 

R.T. 

48 

8 

4.3  X  108 

46 

1 .5  X  106 

4.3  X  103 

0.3 

A18.1 

37 

24 

2 

2.8  X  10s 

37 

3.1  X  106 

2.3  X  104 

0.8 

A 18. 2 

37 

24 

4 

2.7  X  108 

41 

3.0  X  106 

5.7  X  104 

1.9 

A18.3 

37 

24 

G 

2.7  X  108 

41 

2.9  X  106 

7.5  X  104 

2.6 

A18.4 

37 

24 

8 

3.6  X  108 

42 

3.8  X  106 

6.5  X  104 

1.6 

A19.1 

R.T. 

48 

2 

3.5  X  108 

45 

2.6  X  106 

2.1  X  105 

8.1 

A19.2 

R.T. 

48 

4 

3.8  X  108 

43 

3.3  X  106 

1 .0  X  105 

3.0 

A19.3 

R.T. 

48 

6 

3.4  X  108 

35 

2.8  X  106 

8.1  X  104 

2.9 

A19.4 

R.T. 

48 

8 

2.9  X  108 

40 

2.3  X  106 

1 .2  X  105 

5.2 

A27.4 

R.T. 

48 

10 

2.4  X  108 

32 

2.0  X  106 

2.8  X  105 

13.7 

A27.3 

R.T. 

48 

15 

1.1  X  108 

30 

8.1  X  105 

1.1  X  104 

14.0 

A  27 . 2 

R.T. 

48 

20 

1.1  X  io8 

26 

6.5  X  105 

3.2  X  104 

5.0 

A27.1 

R.T. 

48 

25 

1.2  X  108 

37 

5.7  X  105 

1.4  X  104 

2.5 

A38 . 4 

R.T. 

48 

10 

3.9  X  108 

30 

2.7  X  106 

8.9  X  104 

3.3 

A  38 . 3 

R.T. 

48 

15 

4.3  X  108 

30 

2.8  X  106 

4.4  X  104 

1.6 

considerable  array  of  accumulated  data.  The  range  of  variability  is 
clearly  shown  by  the  data  in  tables  52  and  53.  In  table  52,  three  series 
of  runs  are  summarized  in  which  all  operating  conditions  were  held  as 
constant  as  possible  in  an  effort  to  obtain  replicate  recoveries.  Eae  i 
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series  \vas  performed  with  a  single  culture  preparation.  Since  these  runs 
were  all  done  during  the  summer,  usually  in  the  morning,  there  was  a 
tendency  for  the  chamber  temperature  to  rise  somewhat  during  the 
course  of  the  series.  The  fluctuations  in  relative  humidity  were  gen¬ 
erally  small,  and  from  experience  with  this  and  other  agents,  would  not 
seem  to  be  a  probable  cause  of  variation  in  the  recovery  values,  possibly 


excepting  the  high  humidity  in  run  A37.1.  The  concentration  sprayed 
varied  within  relatively  narrow  limits — from  2.3  to  3.4  X  10s  organisms 
per  ml  throughout  the  three  series;  and  by  chance  these  variations  were 
partially  offset  by  compensating  variations  in  atomizer  fluid  output,  so 


TABLE  52 

Variation  in  Nominal  Recovery  of  Dry  Clouds  of  Pasteurella  tularensis  in  Replicate 
Runs  Performed  under  Uniform  Conditions 


Suspending  medium,  2  per  cent  glycerin  in  distilled  water 


Run  No. 

Culture  Growth 

Fluid 

Flow 

Rela¬ 
tive  Hu 

Dry 

Bulb 

Concentra¬ 
tion  Sprayed 

Cloud  Concentration 

Nomi¬ 
nal  Re- 

midity 

Temp. 

Time 

Sprayed 

Recovered 

covery 

°C. 

lirs. 

Sms./ 

min. 

per  cent 

°C. 

org./ml. 

organisms /l. 

organisms/l. 

per  cent 

A23 . 1 

R.T. 

48 

0.47 

46 

25 

2.8  X  108 

2.1  X  106 

3.8  X  104 

1.8 

A23.2 

R.T. 

48 

0.50 

48 

26 

2.3  X  108 

1.9  X  106 

3.5  X  104 

1.9 

A23.3 

R.T. 

48 

0.48 

33 

26 

2.9  X  10s 

2.3  X  10,! 

3.1  X  104 

1 .3 

A23.4 

R.T. 

48 

0.51 

55 

26 

2.7  X  10s 

2.2  X  106 

5.4  X  104 

2.4 

A35.1 

R.T. 

48 

0.58 

60 

26 

2.8  X  108 

2.5  X  106 

1.3  X  10s 

5.2 

A35.2 

R.T. 

48 

0.60 

51 

26 

3.0  X  108 

2.8  X  108 

4.6  X  104 

1.7 

A37.1 

R.T. 

72 

0.64 

75 

23 

3.3  X  108 

3.3  X  108 

1.4  X  10s 

4.1 

A37.2 

R.T. 

72 

0.66 

56 

24.5 

3.4  X  108 

3.6  X  106 

3.0  X  104 

0.8 

A37.3 

R.T. 

72 

0.68 

62 

25 

3.2  X  108 

3.4  X  106 

3.1  X  104 

0.9 

that  the  concentration  of  cloud  sprayed  varied  within  narrow  limits  in 
each  series.  The  reproducibility  of  the  recovery  value  is  good  in  the 
first  series,  but  very  poor  in  the  others. 

Ihe  data  in  table  53  seem  to  point  similarly  to  a  variability  not  at¬ 
tributable  to  conditions  under  control  in  these  experiments.  This 
a  >le  summarizes  two  series  of  tests  done  in  the  A  chamber  to  determine 
he  influence  of  different  concentrations  of  suspension  on  recovery,  and 
three  series  of  animal  runs  performed  in  the  1!  chamber,  in  which  the 
concentration  ol  the  suspension  was  varied  in  order  to  obtain  (traded 
respiratory  doses.  The  first  two  series  seem  to  confirm  each  other  in 
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indicating  more  than  a  three-fold  decrease  in  recovery  between  the  107 
and  the  106  concentrations,  with  the  factor  of  time  eliminated  by  reversal 
ot  the  order  in  the  two  series.  The  same  interval  did  not  happen  to  be 
included  in  any  one  ot  the  B  chamber  experiments,  although  their  overall 
range  comprised  every  tenfold  step  between  105  and  l()in.  The  poorest 
recovery  in  the  group  was  obtained  at  the  109  level,  and  the  best  at  the 


TABLE  53 


Influence  of  Concentration  of  Suspension  Sprayed  on  Nominal  Recovery  of  Pas- 
teurella  tularensis  Grown  in  Snyder's  Peptone  Broth  at  Room  Temperature  for 
48  Hours  and  Sprayed  from  2  Per  Cent  Glycerin  in  Water 


Run  No. 

Concentration 

Sprayed 

Relative 

Humidity 

Cloud  Concentration 

Nominal 

Recovery 

Sprayed 

Recovered 

organisms /ml. 

per  cent 

organisms  Uiter 

organisms, 'liter 

per  cent 

A20 . 1 

3.8  X  10s 

56 

3.8  X  106 

6.1  X  104 

1.6 

A20.2 

3.8  X  107 

39 

4.1  X  10® 

7.3  X  103 

1.8 

A20.3 

3.8  X  106 

36 

3.7  X  104 

1.8  X  102 

0.5 

A20 . 4 

2.8  X  105 

36 

2.7  X  103 

0 

0 

A21.1 

4.8  X  10s 

— 

5.0  X  103 

1.8  X  101 

0.4 

A21.2 

5.6  X  10® 

55 

5.8  X  10® 

2.2  X  102 

0.4 

A21.3 

4.4  X  107 

43 

4.8  X  10® 

6.9  X  103 

1.5 

A21 .4 

3.8  X  108 

37 

4.2  X  10® 

4.8  X  104 

1.1 

B9.1 

2.1  X  107 

35 

1 .6  X  10® 

4.6  X  102 

0.3 

B9.2 

2.7  X  108 

38 

2.3  X  10° 

1.7  X  103 

0.1 

B9.3 

5.2  X  109 

41 

4.3  X  107 

4.9  X  103 

0.01 

BIO .  1 

3.5  X  108 

48 

3.9  X  10® 

4.7  X  104 

1.2 

BIO. 2 

2.4  X  109 

49 

2.7  X  107 

5.3  X  10® 

2.0 

BIO.  3 

1.9  X  1010 

54 

2.0  X  108 

3.1  X  10® 

1 .6 

Bill 

3.8  X  105 

36 

3.3  X  103 

1.4  X  102 

4.0 

B11  .2 

8.4  X  106 

45 

7.8  X  10' 

4.7  X  102 

0.6 

105  level.  The  data  as  a  whole  are  thus  inconclusive,  but  they  seem  to 
support  the  suggestion  that  an  uncontrolled  factor  ot  variability  opeiates 

prominently  with  this  organism.  _ 

Two  instances  have  been  recorded  in  the  foregoing  tables  in  which 
zero  recovery  was  obtained  with  P.  tularensis  (runs  A7.1,  table  50,  and 
A20.4,  table  53).  In  these  runs  good  counts  were  obtained  tor  the  sus¬ 
pension  sprayed,  so  that  the  cloud  concentration  sprayed  could  be  calcu- 
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lated;  but  plates  prepared  from  impingers  were  sterile.  In  several  other 
instances,  not  listed  in  the  tables,  plates  prepared  for  counting  both  the 
suspensions  and  the  impingers  showed  no  growth  after  incubation. 
Among  these  instances  were  animal  runs;  anil  since  the  animals  failc d  to 
become  infected  it  appeared  that  the  organisms  had  lost  both  viability 
and  infectivity  in  the  suspension,  rather  than  that  they  tailed  to  grow  toi 
other  possible  reasons.  The  suspensions  used  in  these  experiments  were 
subjected  to  no  known  deleterious  influence.  1  hey  merely  stood  at  room 
temperature  for  periods  generally  not  exceeding  2  hours,  without  agita¬ 
tion,  refluxing  in  the  atomizer,  or  the  introduction  of  any  known  foreign 
substance.  This  experience,  in  conjunction  with  the  findings  presented 
above,  seemed  to  point  to  a  factor  in  the  organism  itsell  rather  than  in 
the  cloud  chamber  techniques  as  responsible  for  its  eccentricity. 

Time  and  Temperature  of  Growth 

Data  obtained  with  suspensions  in  2  per  cent  glycerin  are  grouped  in 
table  54  on  the  basis  of  time  and  temperature  of  growth  in  Snyder’s 
peptone  broth.  Where  the  time  factor  was  a  controlled  variable  in 
individual  series  ol  runs  (A25  and  A29),  these  are  grouped  together. 
Some  of  these  runs  employed  the  “B”  variant  of  the  “Schu”  strain  of 
P.  tularensis,  but  as  will  be  seen  there  is  no  reason  to  believe  that  this 
variant  behaved  differently  from  the  “D”  variant  otherwise  used. 
This  table  includes  all  runs  made  with  both  A  and  B  chambers  with 
cultures  grown  48  hours  at  room  temperature,  except  those  in  which 
no  growth  was  obtained  from  the  suspensions,  as  mentioned  in  the 
Preceding  paragraph.  I  he  average  of  this  long  series,  2.3  per  cent,  is 
the  best  standard  value  for  nominal  recovery  of  P.  tularensis  provided 
by  the  data  available. 

A\  hile  the  average  values  for  these  time-temperature  groups,  given  at 
the  bottom  ot  table  54,  show  a  consistent  rise  in  recovery  from  the  24 
hour— 37°  group  through  increasing  periods  of  incubation  at  room 
temperature,  the  data  are  too  scanty,  and  the  variability  within  each 
group  is  obviously  too  wide,  to  indicate  that  the  finding  is  significant, 
r  uit her  study  on  this  point  is  required. 


Temperature  in  the  Chamber 

The  data  for  nominal  recovery  of  48  hour-room  temperature  cultures 
I  P:  "*rc"s!s  suspended  in  2  per  cent  glycerin  do  not  appear  to  be 
related  to  the  corresponding  chamber  dry-bulb  temperature  data.  The 


TABLE  54 


Relationship  of  Time  and  Temperature  of  Growth  in  Snyder's  Peptone  Broth  to 
Nominal  Recovery  of  Dry  Clouds  of  Pasteurella  tularensis  Sprayed  from 
Suspension  in  2  Per  Cent  Glycerin  in  Distilled  Water 


Culture  Growth 

Run  No. 

Nominal 

Recovery 

Culture  Growth 

Run  No. 

Nominal 

Recovery 

Time 

Temp. 

Time 

Temp. 

hrs. 

°C. 

Per  cent 

hrs. 

°C. 

per  cent 

24 

37 

All .  1 

1.5 

48 

R.T.t 

A12.1 

10.0 

A16.3 

0.1 

A17.1 

0.9 

A 17. 3 

0.1 

A19.1 

8.1 

A18.1 

0.8 

A20.1 

4.7 

AZU .  Z 

1 .3 

24 

R.T.t 

A25.4 

2.9 

A20.3 

0.5 

48 

R.T. 

A25.3 

7.6 

A20.4 

0 

72 

R.T. 

A25.2 

9.3 

A21 . 1 

0.4 

96 

R.T. 

A25.1 

7.4 

A21.2 

0.4 

A21.3 

1.5 

4S 

R.T. 

A29.3 

0.4 

A21.4 

1.1 

72 

R.T. 

A29.2 

1.2 

A23.1 

1.8 

96 

R.T. 

A29.1 

1.7 

A23.2 

1.9 

\23  3 

1  3 

24 

R.T. 

A28.1 

1.3 

A23.4 

2.4 

A28.2 

2.7 

A24.1 

2.5 

*A28.3 

1.1 

A25.3 

7.6 

*A28.4 

2.1 

A26.1 

3.5 

A26  2 

7.2 

96 

R.T. 

A3 1.3 

6.7 

A26.3 

6.0 

A26.4 

2.4 

72 

R.T. 

*A27 . 1 

4.1 

A29.3 

0.4 

*A37.2 

0.9 

A30.3 

0.9 

*  A37 . 3 

0.9 

24 

R.T. 

B3.1 

0.1 

48 

*23 

A44.4 

0.9 

B3.2 

0.2 

*26 

A46.1 

0.7 

*26 

B8.2 

0.1 

*26 

B9.1 

0.3 

*26 

B9.2 

0.1 

*26 

B9.3 

0.01 

*26 

B10. 1 

1.2 

*26 

B10. 2 

2.0 

*26 

B10. 3 

1.6 

*26 

BU.l 

4.0 

*26 

B11.2 

0.6 

Averages 


27 

0.5 

48 

R.T. 

R.T. 

1.5 

72 

96 

R.T. 

R.T. 

*  Schu  strain  “B”  was  used  in  these  runs 


t  R.T.  =  room  temperature, 
j  Cultures  for  these  runs  were  grown  in  a 

174 


constant  temperature  incubator. 
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range  of  temperature  was  24°  to  30.5°C.  The  coefficient  of  correlation 
was  found  to  he  —0.19. 

In  the  experiment  summarized  in  table  55,  two  runs  were  performed 
under  constant  conditions  except  that  the  temperature  of  the  chamber 
was  varied  as  widely  as  conditions  allowed.  Ihe  first  run  was  done  at 
the  prevailing  room  temperature,  25°C.  1  he  chamber,  for  which  no 

temperature-regulating  apparatus  had  been  provided,  was  then  cooled 
as  much  as  possible  by  passing  the  secondary  air  line  through  about  20 
feet  of  coiled  copper  tubing  immersed  in  cracked  ice.  The  chamber 
temperature  at  equilibrium  was  20.5  to  21°.  The  recoveries  do  not 
appear  significantly  different  at  the  two  temperatures. 

TABLE  55 

Nominal  Recovery  of  Dry  Clouds  of  Pasteurella  tularensis  Sprayed  under  Com¬ 
parable  Conditions  on  the  Same  Day  at  Two  Different  Temperatures 

Peptone  broth  culture,  grown  48  hours  at  room  temperature,  sprayed  from 
suspension  in  2  per  cent  glycerin. 


Run  No. 

Chamber 

Tempera¬ 

ture 

Relative 

Humidity 

Fluid  Flow 

Concentration 

Sprayed 

Cloud  Concentration 

Nominal 

Recovery 

Sprayed 

Recovered 

°C. 

per  cent 

gm./min. 

organisms/ml. 

organisms/l. 

organisms/l. 

per  cent 

A47.1 

25 

36 

0 . 65 

4.0  X  107 

3.0  X  105 

1.5  X  104 

5.0 

A47.2 

20.5-21.0 

36 

0.63 

3.6  X  107 

2.5  X  105 

8.8  X  103 

3.5 

Outdoor  Temperature 

These  studies  with  P.  tularensis  were  conducted  largely  during  the 
warm  weather,  and  no  adequately  controlled  low-temperature  incubator 
was  available  until  the  fall,  when  the  last  experiments  were  performed. 
It  may  be  seen  by  reference  to  tables  50,  54  and  55,  in  which  data  for 
these  last  experiments  are  given,  that  controlled  low-temperature  incu¬ 
bation  had  no  evident  effect  in  increasing  or  stabilizing  the  recovery 
values.  A  comparison  has  been  made  of  the  recovery  data,  in  the  series 
of  runs  for  which  cultures  were  grown  at  uncontrolled  room  tempera¬ 
ture,  with  the  outdoor  temperatures  that  prevailed  during  the  respective 
growth  periods.  The  data  were  again  limited  to  those  in  which  2  per 
cent  glycerin  had  been  employed  as  suspending  medium,  and  to  those 
tor  which  outdoor  temperature  tracings  were  available  at  the  Camp 
Detnck  meteorological  station.  No  evidence  of  correlation  could  be 
found  of  the  recovery  data  with  the  mean  temperature,  or  with  the 
maximum  or  minimum  temperature,  for  the  respective  periods 
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These  negative  findings  are  obviously  not  definitive.  Outdoor  tem¬ 
peratures,  for  example— particularly  in  the  lower  range— were  not 
necessarily  those  at  which  the  culture  was  growing.  Continuous  steam 
heat  has  been  provided  in  the  laboratory  building,  but  the  heating 
system  was  defective,  and  wide  variations  in  temperature  occurred  of 
which  no  record  was  kept,  ihe  possibility  cannot  be  considered  elim¬ 
inated  that  temperature  of  growth,  or  maxima  or  minima  occurring  even 


TABLE  56 

Data  on  Cloud  Chamber  Experiments  with  Four  Separate  Isolations  of  the  Schu 
Strain  of  Pasteurella  tularensis,  Grown  in  Snyder’s  Peptone  Broth  at  Room 
Temperature ,  Sprayed  from  2  Per  Cent  Glycerin  in  Distilled  Water 


Run  No. 

Isolation 

O  > 

«  c 

R.H. 

Concentration 

Sprayed 

Cloud  Concentration 

Nomi¬ 
nal  Re- 

.EO 

H 

Sprayed 

Recovered 

covery 

A  30 . 1 
A30.2 

A30.3 

A30.4 

Penfield  stock* 
Penfield  chamber 
passage! 
Standard  stock§ 
Standard  chamber 
passage { 

hrs. 

48 

48 

48 

48 

per 

cent 

36 

36 

38 

36 

organisms /ml. 

5.2  X  108 
5.4  X  108 

4.3  X  108 
3.6  X  108 

organisms/l. 

3.4  X  106 

2.7  X  106 

2.1  X  106 

1.8  X  106 

organisms/l. 

1.9  X  10s 
8.4  X  Kb 

2.0  X  104 
7.3  X  103 

per 

cent 

5.5 

3.1 

0.9 

0.4 

A31.1 

Penfield  stock* 

96 

33 

5.3  X  108 

2.8  X  106 

5.7  X  104 

2.1 

A31.2 

Penfield  chamber 
passage! 

96 

11 

3.9  X  108 

1.3  X  106 

6.2  X  104 

4.7 

A31.3 

Standard  stock  § 

96 

13 

1.8  X  108 

4.8  X  105 

3.2  X  104 

6.7 

A3 1.4 

Standard  chamber 
passage! 

96 

30 

6.9  X  107 

5.1  X  105 

3.8  X  104 

7.6 

*  Strain  Schu  “B”  isolated  (by  Sgt.  Ruth  Penfield)  from  sediment  after  several 
weeks  of  storage  in  the  wet  state. 

t  Strain  Schu  “B”  reisolated  from  impinger  fluid  after  a  cloud  chamber  run. 
X  Strain  Schu  “D”  reisolated  from  impinger  fluid  after  a  cloud  chamber  run. 

§  Strain  Schu  “D”,  the  standard  strain  used  generally  in  the  present  work. 


for  brief  periods  during  the  course  of  preparation  of  the  cultures,  may 
have  influenced  the  results.  Cloud  chamber  temperature,  as  a  factor 
in  recovery  of  P.  tularensis ,  itself  requires  more  precise  study  over  a 
wider  and  more  effectively  controlled  range. 


Comparison  of  Two  Substrains  oj  I .  tulai  ensis 

The  two  series  of  runs  summarized  in  table  56  represent  the  initial 
phase  of  an  experiment  designed  in  an  effort  to  select  a  strain  ot  P.  tula- 


STABILITY  AND  INFECTIVITY  OF  BACTERIA 


177 


rensis  resistant  to  atomization.  Two  substrains  oi  the  “Schu  stiain 
were  used,  the  standard  stock  culture  (“Schu  D”),  and  one  (“Schu  B”) 
that  had  been  isolated  after  several  weeks  of  storage  from  the  sediment 
of  a  heavy  suspension  of  the  organism.  With  each  substrain,  cultuies 
for  spraying  were  prepared  (a)  from  the  stock  culture,  and  (b)  bom 
colonies  on  a  blood-dextrose-cysteine  agar  plate  made  from  impinger 
fluid  in  a  previous  cloud  chamber  run.  All  four  cultures  were  prepared 
for  spraying  by  growth  at  room  temperature  for  the  indicated  periods. 
The  results  show  no  clear  advantage  tor  any  one  of  the  four.  If  selec¬ 
tion  of  a  resistant  strain  is  feasible  it  would  be  expected  to  require 
repeated  reisolation  over  an  extensive  series  of  runs. 


Possible  Antibacterial  Effects  from  Glassware 

The  fact  that  P.  tularensis  sometimes  failed  to  grow  when  plated 
from  relatively  concentrated  suspensions  suggested  that  a  residue  of  the 
alkaline  glassware  washing  compound  employed  (“KOL”*)  might  be 
responsible  for  destruction  of  the  organisms.  This  hypothesis  suggested 
itself  when  sterile  plates  appeared  in  a  run  made  after  glassware  washed 
by  hand  in  the  cloud  chamber  building  had  been  substituted  for  machine- 
washed  glassware,  which  had  been  used  in  previous  experiments.  A 
series  ot  three  parallel  runs  was  therefore  performed,  using  for  each  a 
complete  set  of  glassware  prepared  by  a  different  method,  with  all  other 
conditions  held  as  constant  as  possible.  Each  set  comprised  all  items  of 
glassware  that  came  into  contact  with  the  agent  after  the  culture  itself 
had  been  prepared:  the  reservoir  that  contained  the  suspension  being 
sprayed,  and  dilution  bottles  and  pipettes  used  to  prepare  t  he  suspension ; 
impingers;  test  tubes  used  for  dilution  blanks  in  plating,  bottles  and 
pipettes  used  to  prepare  them,  and  pipettes  and  petri  dishes  used  for 
plating.  For  the  first  run  (A42.1),  the  set  of  glassware  was  washed  by 
machine  in  hot  KOL  solution,  followed  by  repeated  rinsing  in  tap  water, 
and  final  rinsing  in  distilled  water.  This  run  served  as  a  “clean”  con¬ 
trol  For  the  second  run  (A42.2)  the  glassware  was  washed  by  hand 
with  an  excess  of  KOL  in  such  a  way  that  a  residue  of  the  washing  com¬ 
pound  was  left  on  the  glassware.  For  the  third  run  (A42.3)  the  glassware 
was  washed  by  the  standard  method  used  in  the  cloud  chamber  building 
except  that  the  final  distilled  water  rinse  contained  phenol  red  main- 
ained  at  about  pLI  7  to  make  sure  that  all  free  alkali  had  been  removed 

I  fie  results  are  summarized  in  table  57.  Recovery  was  relatively 

Company ,0<c!nclnnati fohio'*  *  ^  COmposition>  is  ™de  by  the  DuBois 
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poor  m  all  three  runs,  and  no  significant  difference  was  found  among 
them.  & 

Recovery  of  P.  tularensis  Sprayed  into  an  Atmosphere  of  Nitrogen 

An  experiment  designed  to  test  the  hypothesis  that  oxidation  in  air 
may  be  one  of  the  destructive  forces  acting  on  P.  tularensis  during  the 
process  of  atomization  is  summarized  in  table  58.  Run  A48.1  was  a 
control  performed  under  standard  conditions.  This  was  followed  by  a 
run  in  which  the  organisms  were  sprayed  under  comparable  conditions 
into  an  atmosphere  of  nitrogen.  For  this  purpose  a  tank  of  nitrogen 
was  piped  to  the  compressed  air  manifold  of  the  chamber  downstream  of 
a  main  cut-off  valve  in  the  air  line.  This  valve  was  closed,  and  nitrogen 
was  run  through  both  primary  and  secondary  air  lines  into  the  chamber 


TABLE  57 

Influence  of  Residual  Washing  Compound  on  Glassware  Used  in  Connection  with 
Cloud  Chamber  Runs  with  Pasteurella  tularensis 


Run  No. 

Treatment  of  Glassware* 

R.H. 

Concentration 

Sprayed 

Cloud  Concentration 

Nomi¬ 
nal  Re¬ 
covery 

Sprayed 

Recovered 

per  cent 

organisms/ml. 

organisms/l. 

organisms/l. 

per  cent 

A42.1 

Tularensis  standard 

61 

4.3  X  108 

4.2  X  106 

1.6  X  104 

0.4 

A42.2 

Excess  washing  com- 

33 

4.4  X  10s 

3.3  X  106 

1.8  X  104 

0.5 

pound 

A42.3 

Standard,  neutralized 

34 

4.3  X  108 

3.6  X  106 

9.0  X  103 

0.3 

*  See  text. 


until  the  chamber  atmosphere  no  longer  supported  combustion.  The 
atomizer  was  then  assembled  on  the  primary  aii  line  and  the  lun  pei- 
formed  in  the  usual  way.  The  results  show  no  significant  improvement 
in  yield  in  the  nitrogen  atmosphere  as  compared  with  air. 


RESPIRATORY  EXPOSURE  OF  MICE  AND  RATS 

Surviving  animals  that  had  been  exposed  to  clouds  of  P.  tularensis 
were  sacrificed  usually  20  to  22  days  after  exposure,  in  later  experiments 
1G  days  after  exposure.  Typical  small  yellow  subcapsular  focal  lesions 
were  found  chiefly  in  the  spleens  and  livers  of  animals  that  died.  Areas 
of  pulmonary  congestion  and  consolidation  were  observed  m  animals 
that  had  received  massive  respiratory  doses.  The  presence  of  tularemic 
infection  was  confirmed  in  all  instances  by  isolation  ot  the  specific 
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organism  from  the  spleen.  Deaths  occurred  between  3  and  1 1  days  after 
exposure,  with  a  peak  mortality  on  the  5th  day.  Surviving  animals 
-e  invariably  negative  both  grossly  and  by  spleen  culture,  no  evidence 


wer 


of  latent  infection  being  found. 

Data  for  cloud  chamber  runs  with  animals  are  given  in  table  59. 
The  table  excludes  a  group  of  runs  in  which  the  organism  could  not  be 
recovered  from  impingers,  or  from  both  impingers  and  suspensions.  No 
deaths  occurred  among  animals  exposed  in  such  runs.  A  single  series 
of  experiments  was  performed  with  white  rats,  primarily  for  challenge 
of  vaccinated  animals.  The  animal  data  in  table  59  for  this  series  are 
given  only  for  unvaccinated  animals.  The  dosage  levels  were  high  and 
all  animals  in  this  series  died  of  tularemia. 

The  data  for  mice  show  an  adequately  consistent  relationship  between 


TABLE  58 

Nominal  Recovery  of  Dry  Clouds  of  Pasteurella  tularensis  Sprayed  under 
Comparable  Conditions  on  the  Same  Day  into  Atmospheres  of  Air 

and  of  Nitrogen 

Peptone  broth  culture,  grown  48  hours  at  room  temperature,  sprayed  from 
suspension  in  2  per  cent  glycerin. 


Run  No. 

Chamber 

Atmosphere 

Relative 

Humidity 

Fluid 

Flow 

Concentration 

Sprayed 

Cloud  Concentration 

Nominal 

Recovery 

Sprayed 

Recovered 

per  cent 

gm.jmin. 

org./l. 

organisms/l. 

organisms/l. 

Per  cent 

A48.1 

Air 

42 

0.72 

4.8  X  107 

4.0  X  106 

9.8  X  103 

2.5 

A48.2 

Nitrogen 

31 

0.74 

7.5  X  107 

6.2  X  10* 

1.7  X  104 

2.8 

response  and  dosage,  which  seems  particularly  noteworthy  in  view  of 
the  wide  range  of  recovery  values.  Since  dosage  is  estimated  from  the 
impingei  data,  which  are  also  used  in  calculating  nominal  recovery,  it 
seems  ot  interest  that  these  findings  appear  mutually  consistent.  The 
mortality  in  run  B9.3,  for  example,  seems  in  line  with  the  dosage  value 
estimated  on  the  basis  of  a  recovery  of  0.01  per  cent;  while  the  animal 
data  for  run  Bll.l  are  likewise  consistent  with  dosage  values  estimated 
on  the  basis  ot  a  recovery  of  4.0  per  cent— a  recovery  ratio  of  400:1. 
1  he  impmger  data  with  this  agent  as  with  others  thus  appear  to  be  a 
satisfactory  index  of  both  viability  and  infect ivity  of  the  cloud. 

The  data  do  not  permit  estimation  of  a  satisfactory  value  for  dosage 
inducing  minimal  lethality,  since  the  smallest  dose  used,  14  organisms 
in<  need  one  death  among  30  exposed  animals,  and  all  higher  dosage 


TABLE  59 

Data  on  Exposure  of  Animals  to  Clouds  of  Pasteurella  tularensis 


180 


EXPERIMENTAL  AIK-HORNE  INFECTION 


Number  of 
Animals 
Dead/Total 
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levels  likewise  induced  at  least  one  death.  It  may  be  said  only  that  the 
minimal  effective  respiratory  dose  of  this  strain  of  P.  tularensis  for  mice 
is  14  organisms  or  less.  Death  of  all  animals  exposed  occurred  uni¬ 
formly  with  dosage  levels  of  330  organisms  or  more. 


TABLE  60 


Grouped  Data  for  Pasteurella  tularensis  on  Dosage  Versus  Mortality  in  Mice 


Run  No. 

Dose 

Number  of 
Animals 
Dead/Total 

Average  Dose 

Grouped  Data 

Dead/Total 

Per  Cent  Dead 

organisms 

Bll.la 

14 

1/30 

14 

1/30 

3.3 

BO.  la 

20 

2/6 

BO.lb 

50 

1/6 

Bll ,2a 

50 

3/20 

46 

6/41 

14.6 

B3.1 

60 

0/12 

BO.  2a 

70 

6/6 

Bll. lb 

70 

22/30 

BO  .  lc 

100 

4/6 

71 

41/54 

75.0 

BO.  2b 

160 

6/6 

B8.2a 

100 

6/6 

BO.  3a 

210 

4/5 

Bll. 2b 

280 

22/30 

247 

38/47 

80.8 

BO .  2o 

330 

6/6 

B8.2b 

400 

6/6 

BO.  3b 

520 

5/5 

Bl.la 

000 

6/6 

B8.2c 

070 

6/6 

B3.2 

1030 

12/12 

BO.  3c 

1050 

6/6 

Bl.lb 

2250 

6/6 

Bl.lc 

4500 

6/6 

330  or  more 

50/50 

100 
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GENERAL  DATA  ON  STUDIES  WITH  VIRUSES 

Cloud  chamber  studies  have  been  conducted  in  collaboration  with 
others  at  Camp  Detrick*  on  meningopneumonitis  virus,  on  two  strains 
of  psittacosis  virusf  and  on  the  related  “Borg”  virus.  Certain  special 
methods  employed  with  these  agents  were  similar  for  the  group,  and  may 
be  described  before  considering  the  data  on  the  individual  virus  strains. 

The  strains  employed  were  Cal  10  (meningopneumonitis),  GBC  and 
“Gleason”  (psittacosis),  and  a  strain  (“Borg”),  apparently  a  member 
of  the  psittacosis  group,  isolated  from  a  fatal  human  case  of  pneumonitis 
in  an  epidemic  in  the  Bayou  region  of  Louisiana  (39,  40,  41,  29).  Of 
these  strains  the  GBC  strain  of  psittacosis  virus  received  by  far  the 
greatest  attention.  The  virus  in  each  instance  was  harvested  from  chick 
embryos  after  yolk  sac  inoculation.  The  pooled  sacs  were  weighed, 
ground  with  glass  beads,  diluted  1:10  in  extract  broth,  distributed  into 
ampules  and  preserved  by  freezing  in  C02  ice.  For  use  the  contents  of 
an  ampule  were  further  diluted  in  the  medium  indicated,  usually  extract 
broth. 

Extract  broth  containing  4  drops  of  olive  oil  in  25  ml  was  used  as 
collecting  medium.  Virus  concentration  was  estimated  in  suspensions 
and  in  impingers  by  intracerebral  titration  in  mice,  using  8  mice  per  level 
with  at  least  four  levels  at  tenfold  dilution  intervals.  LD50  values  were 
calculated  from  the  mortality  data  in  these  mice  by  the  method  of  Reed 
and  Muench  (45).  The  mouse  intracerebral  LD5o  values  are  employed 
as  infective  units  of  virus,  equivalent  for  purposes  of  calculation  to 
“organisms”  as  applied  to  bacterial  agents.  Since  the  inoculum  in 
intracerebral  titrations  was  0.03  ml,  suspension  concentrations  are 
<riven  in  terms  of  this  volume.  For  use  in  the  standard  cloud  chamber 
equations  the  LD50  values  are  multiplied  by  33  to  convert  them  to  1  ml 

volumes. 

*  Lt  G  Meiklejohn,  Lt.  L.  Kingsland  and  Lt.  V.  Sprague  cooperated  in  plan¬ 
ning  these  studies,  supplied  the  agent  for  spraying,  undertook  all  titrations  of 
virus  concentration,  and  participated  in  the  work-up  of  exposed  animals 

t  A  single  series  of  runs  was  also  done  late  in  the  course  of  this  work  with  the 
S.F.  strain  of  psittacosis  virus,  but  the  results  were  unsatisfactory  and  the  data 

are  therefore  omitted. 
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MENIN GOPNEUM ON ITIS  VIRUS 


Studies  with  strain  Cal  10  were  begun  early  in  the  course  of  this  work, 
while  the  cloud  chamber  project  was  housed  in  temporary  quarters. 
The  agent  was  studied  principally  as  a  virus  simulant,  and  work  on  it  was 
discontinued  soon  after  the  program  of  studies  with  more  highly  infective 


TABLE  61 

Data  on  Cloud  Chamber  Experiments  with  Meningo pneumonitis  Virus 
All  runs  were  made  with  a  2\  inch  mixing  chamber  under  dry  cloud  conditions. 
Collecting  medium,  extract  broth,  25  ml.  +  4  drops  of  olive  oil. 


Run 

No. 

Atomizer 

Suspending  Medium 

Al.l 

Triple-Jet 

Extract  broth 

A1.2 

Triple-Jet 

Extract  broth 

A2.1 

Triple-Jet 

Extract  broth 

A2.2 

Triple-Jet 

Allantoic  fluid 

A3 

Triple- Jet 

Extract  broth 

A4 

Triple-Jet 

Yolk  and  allantoic 
fluid 

A5.2 

Triple-Jet, 

Yolk,  allantoic  and 
amniotic  fluids 

A6.1 

Triple-Jet 

Extract  broth 

A6.2 

Triple-Jet 

Extract  broth 

B8.1 

Chicago 

Extract  broth 

B8.2 

Chicago 

Pktract  broth 

Concentra¬ 

tion 

Cloud  Concentration 

Nomi¬ 

nal 

Re¬ 

covery 

Sprayed 

Sprayed 

Recovered 

LDbo/0.03 

ml .* 

LDbo/liter * 

LDbo/liler * 

Per 

cent 

2  X 

101 

8.2  X 

10° 

0 

0 

2  X 

103 

1.2  X 

102 

1.5  X 

101 

12.5 

1  X 

105 

2.1  X 

104 

1.3  X 

103 

6.2 

2  X 

107 

3.5  X 

10B 

1.3  X 

105 

3.7 

1.6  X 

104 

4.3  X 

103 

5.6  X 

102 

13.0 

1.0  X 

10« 

1.3  X 

105 

2.2  X 

104 

17.0 

2.7  X 

105 

6.2  X 

104 

1.4  X 

103 

2.3 

6.3  X 

104 

1.3  X 

104 

1.4  X 

103 

10.6 

6.3  X 

104 

8.2  X 

103 

7.8  X 

102 

9.6 

3.7  X 

104 

2.0  X 

104 

1.1  X 

103 

5.6 

3.7  X 

105 

2.0  X 

105 

2.0  X 

104 

10.0 

*  Based  on  intracerebral  titration  in  mice. 


agents  was  under  way.  Basic  cloud  chamber  data  for  this  virus  are 
consequently  meager.  Animals  were  exposed  in  all  runs,  in  some  in- 
ances  for  vaccine  studies,  in  others  for  study  of  the  influence  of  tri- 

0nly  con,roi  data  » 


GENERAL  CLOUD  CHAMBER  DATA 

in  table  m  CXPerimen‘S  With  Strain  Cal  10  "•  presented 

8  ■  MoSt  0f  these  "'er<‘  pcriormed  with  equipment  in  its  earlier 
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phase  of  development,  including  the  triple-jet  atomizer  and  the  2^  inch 
mixing  chamber.  Xo  systematic  study  of  suspending  media  was  under¬ 
taken,  but  several  combinations  ol  fluids  from  the  normal  chick  embryo 
were  tried  in  comparison  with  extract  broth.  The  data  are  too  scanty 
and  variable  to  permit  comparison  of  the  relative  merits  of  these  media. 


( )n  the  whole,  however,  the  recoveries  were  considered  good,  and  be¬ 
cause  of  the  need  for  cloud  chamber  studies  to  supplement  the  program 
of  the  virus  group  they  led  to  the  adoption  of  extract  broth  as  suspending 
medium  tor  all  viruses  studied.  As  will  be  seen,  this  choice  yielded 
generally  satisfactory  results,  and  seemed  justified  by  two  series  of  runs 
with  strain  6BC  which  are  considered  below. 


RESPIRATORY  EXPOSURE  OF  MICE 


M  ice  exposed  to  meningopneumonitis  virus  clouds  were  sacrificed 
in  groups  after  varying  intervals  following  exposure,  in  an  effort  to 
determine  the  optimum  experimental  period.  These  intervals  ranged 
generally  from  3  to  11  days,  in  one  instance  to  25  days.  The  optimum 
appeared  to  be  about  8  days,  since  an  increase  in  number  of  pulmonary 
lesions  was  found  up  to  this  time  but  not  beyond  it.  Xo  specific  deaths 
occurred  among  these  mice.  Degree  of  infective  response  was  estimated 
by  counting  the  number  of  typical  greyish  focal  lesions  on  all  lung  sur¬ 
faces.  In  the  earlier  experiments  the  specific  nature  of  these  lesions 
was  confirmed  by  demonstration  of  elementary  bodies  in  impression 
smears  stained  by  Macchiavello’s  method.  This  time-consuming  step 
was  abandoned  when  it  was  found  that  lungs  with  lesions  were  con¬ 
sistently  positive  and  those  without  lesions  consistently  negative  in  such 


smears. 

The  findings  in  exposed  mice  are  given  in  chronological  sequence  in 
table  62,  and  assembled  by  groups  on  the  basis  of  dosage  in  table  63. 
The  data  are  insufficient  to  permit  estimation  of  an  adequate  IIXo  \alue. 
Four  mouse  intracerebral  units  (LD5o)  were  required  to  induce  minimal 
infection,  while  200  units  or  more  induced  infection  in  all  animals  ex¬ 
posed.  The  average  count  of  pulmonary  surface  foci  increased  with 
comparative  regularity  as  the  dosage  increased.  The  average  count  was 
found  to  be  6.9  at  the  200-unit  dosage  level,  and  became  too  large  to 
estimate  accurately  with  dosages  between  6,000  and  16,000  units. 


respiratory  exposure  of  hamsters  and  cotton  rats 

Data  for  two  small  groups  of  hamsters  and  cotton  rats,  which  were 
exposed  to  clouds  of  strain  Cal  10  simultaneously  with  groups  ol  mice, 
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ure  included  in  table  62.  Although  the  cloud  concentration  and  ex¬ 
posure  time  were  the  same  in  each  series  for  the  three  species,  the  esti- 


TABLE  63 


Grouped  Data  for  Meningo pneumonitis  Virus  for  Respiratory  Dosage  Versus 

Infective  Response  in  Mice 


Run  No. 

Dose 

Pulmonary 
Lesion  Countf 

Number  of  Animals 
Infected/Total 

Per  Cent 
Infected 

LDio* 

A1.2a 

0.8 

0 

0/4 

A1.2b 

1.9 

0 

0/4 

Maximum  1.9 

Av.  0 

Total  0/8 

0 

A1.2c 

4 

0.3 

1/4 

25 

A2.  la 

65 

1.5 

4/4 

A5.2a 

70 

0.8 

2/4 

A verage  68 

Av.  1.2 

Total  6/8 

75 

A3 

140 

1.1 

15/23 

A2 . 1  b 

160 

4.0 

4/4 

A5.2b 

180 

1.5 

3/4 

Average  148 

Av.  1.5 

Total  22/31 

71 

A6.2 

200 

6.9 

22/22 

100 

A2 . 1  c 

330 

8.8 

4/4 

A5.2c 

350 

6.3 

4/4 

A6. 1 

350 

16.9 

9/9 

B8.1 

380 

14.7 

12/12 

A  verage  360 

Av.  13.9 

Total  29/29 

100 

A4 

3,900 

44.4 

12/12 

B8.2 

7,100 

75.9 

12/12 

Average  5,500 

Av.  60.1 

Total  24/24 

100 

*  Based  on  intracerebral  titration  in  mice, 
t  Average  number  of  typical  lung  surface  lesions  per  animal. 


mated  dosage  varied  with  the 
animals.  Exposure  to  ecpial 


body  weight  and  respiratory  volume  of  the 
concentration-time  products  seemed  to 
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induce  about  equal  degrees  of  infection  in  mice  and  hamsters,  but  more 
marked  infection  in  cotton  rats. 


23 

PSITTACOSIS  VIRUS 


STRAIN  6BC 

An  extensive  series  of  experiments  were  performed  with  the  6BC  strain. 
Nearly  all  of  these  were  animal  runs,  some  designed  to  determine  respira¬ 
tory  infectivity  and  lethality,  others  to  study  the  relative  value  of 
vaccines  and  therapeutic  procedures,  still  others  to  test  the  effectiveness 
of  triethylene  glycol  vapor  as  a  cloud  disinfectant.  Two  series  of  runs 
were  performed  without  animals  for  comparative  study  of  suspending 
media.  Only  data  on  such  runs  and  on  those  concerned  with  normal 
animals  are  presented  here. 


C ollecting  Media 

In  two  animal  runs  of  a  single  series  only,  extract  broth,  otherwise  used 
routinely  as  collecting  medium  for  viruses,  was  compared  with  10  per  cent 
sheep  serum  in  distilled  water  for  collection  of  dry  clouds  of  GBC.  Four 
drops  of  olive  oil  were  added  to  25  ml  of  collecting  fluid  in  each  instance. 
Impingers  were  operated  simultaneously  in  pairs.  The  data  are  given 
for  individual  impingers  in  table  64.  The  values  for  recovery  in  the 
extract  broth  impingers  in  the  second  run  (B7.2)  are  in  poor  agreement 
Kit  in  general  the  findings  permit  no  clear  choice  between  the  two  media’ 
I  his  question  was  not  studied  further,  and  extract  broth  was  adopted 
toi  routine  use  as  a  matter  of  convenience.  1 

Suspending  Media 

After  extract  broth  had  been  used  arbitrarily  as  suspending  medium 
,n  several  senes  of  runs  with  6BC,  the  experiments  sun  mar, £££ Z 

M  uere  per  ormed  to  compare  the  Value  of  extract  broth  with  that  of 
media  that  had  been  found  useful  for  bacterial  acrent«!  a  •  i 

not  exposed  in  these  runs.  They  were  done  Tn  ‘t!o  7' .  a 
sequence  indicated  Tho  me  u  senes,  each  in  the 

suspension  in  distilled  water  is  comparatively  good^  *  ^ 

°f  Part,C’"ar  int6reSt  that  *»«>  -ries  2  percent  Klycelt 
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poor  results — poorer  than  those:  obtained*  with  either  of  the  media  in 
which  the  glycerin  was  dissolved,  distilled  water  or  extract  broth. 


TABLE  64 


Comparison  of  Extract  Broth  and  10  Per  cent  Sheep  Serum  in  Water  ( Both  with 
Added  Olive  Oil)  as  Collecting  Media  for  Psittacosis  Virus  ( 6BC ) 


Run  No. 

Concentration 

Sprayed 

Relative 

Humidity 

Impinger 

No. 

Collecting  Medium 

Cloud 

Recovered 

LDm/0.03  ml.* 

per  cent 

LDbo/l  .* 

B7.1 

1 .0  X  10 1 

47 

63 

Extract  broth 

2.2  x  in2 

66 

Extract  broth 

2.7  X  102 

89 

Serum  water 

3.2  X  102 

91 

Serum  water 

3.0  X  102 

B7.2 

1 .8  X  106 

35 

77 

Extract  broth 

7.0  X  104 

84 

Extract  broth 

j? ' 

3.5  X  104 

92 

Serum  water 

3.9  X  104 

*Yi  S'! 

77\ 

95 

Serum  water 

2.4  X  104 

*  Based  on  intracerebral  titration  in  mice. 

V .  '  ]  fi  . 


TABLE  65 


Nominal  Recovery  of  Dry Clouds  of  Psittacosis  Virus  (6BC)  Sprayed  from 

Suspension  in  Different  Media 


Run  No. 

•*  1 

Suspending  Medium 

B13.1 

Distilled  water 

B13.2 

2  per  cent  glycerin  in  water 

B13.3 

Extract  broth 

1413.4 

5  per  cent  dextrin  in  extract  broth 

B24.1 

Extract  broth 

B24.2 

5  per  cent  dextrin  in  extract  broth 

B24 . 3 

2  per  cent  glycerin  in  extract  broth 

B24 . 4 

2  per  cent  gelatin  in  extract  broth 

*  Based  on  intracerebral  titration  in  mice 


Nomi- 

Concentration 

Sprayed 

R.H. 

Cloud 

Recovered 

nal 

Re¬ 

covery 

LDio/0.03  ml.* 

per 

cent 

LDbo/l* 

per 

cent 

3.6  X  104 

42 

8.2  X  102 

7.6 

2.9  X  104 

43 

<  10° 

— 

2.3  X  104 

42 

1.8  X  103 

28.2 

3.1  X  104 

37 

1.3  X  103 

17.4 

7.1  X  104 

50 

6.1  X  103 

25.8 

8.0  X  104 

43 

2.7  X  103 

10.7 

1 .0  X  105 

45) 

1.8  X  102 

0.6 

4.9  X  104 

50 

2.2  X  103 

17.9 

<  =  “less  than”. 


General  (fond  Chamber  Data 

Data  for  all  runs  in  which  extract  broth  was  used  for  suspension  and 
for  collection  of  BBC  are  assembled  chronologically  in  table  6b.  Ex  | 
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for  one  run  (B33)  in  which  an  ampule  from  a  batch  of  frozen  virus  that 
appeared  to  be  faulty  was  employed,  the  lowest  nominal  recovery  re¬ 
corded  is  2.1  per  cent,  with  values  ranging  up  to  38.4  per  cent  (B23.3). 
On  the  whole  the  recoveries  with  the  one  inch  mixing  chamber  were 
higher  than  those  with  the  older  2\  inch  instrument,  as  has  generally 
been  true;  but  the  variability  under  both  conditions  is  wide  enough  to  be 
considered  excessive.  This  irregularity  is  attributed  in  part  to  errors 
in  the  method  of  intracerebral  titration  in  animals,  which  are  believed 
to  be  considerably  greater  than  errors  of  counting  cultivable  bacteria. 
These  errors  could  probably  be  reduced  by  the  use  of  dilution  intervals 
smaller  than  tenfold,  in  order  to  obtain  a  larger  number  of  significant 
animals  for  the  LD5„  calculation  under  otherwise  equivalent  conditions. 

The  average  nominal  recovery  obtained  in  19  runs  with  the  one  inch 
mixing  chamber  under  the  conditions  of  suspendng  and  collecting  media 
accepted  for  this  agent  is  given  in  table  66  as  18.1  per  cent. 


Humidity  of  the  Chamber  Atmosphere 

1  he  data  in  table  67,  tor  the  single  series  ot  runs  B5,  have  been  as¬ 
sembled  with  special  reference  to  the  influence  of  chamber  humidity  on 
recovery,  but  they  also  embody  other  suggestive  findings.  The  fourth 
run  in  this  series  (B5.4)  was  performed  at  90  per  cent  relative  humidity, 
which  is  well  within  the  “wet  cloud”  range  as  defined  previously.  The 
higher  recovery  obtained  in  this  run  as  compared  with  those  in  the  other 
runs  of  the  series  seems  noteworthy,  particularly  in  view  of  the  con¬ 
sistency  of  the  findings  as  a  whole.  These  are  the  only  humidity  data 
available  tor  this  agent.  It  will  be  noted  that  the  recoveries  in  runs 
H.5  1  ?nd  B5  3  are  Slmilar>  and  that  the  ratios  of  dosage  (which,  as  pre- 
'  'OUSly  n0tf l’  18  a  function  of  recovery)  to  the  average  count  of  pul¬ 
monary  surface  lesions  is  remarkably  uniform  in  the  four  groups  One 
might  possibly  infer,  indeed,  that  the  low  ratio  in  run  B5.3  is  related  to 
he  low  recovery  in  this  run,  perhaps  reflecting  an  error  in  the  data 
It  seems  of  interest  that  the  infectivity  of  a  wet  cloud  was  found  to  be 

tt-r is  in  -  - "  -  «  - 
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TABLE  66 

Data  for  Cloud  Chamber  Runs  with  Psittacosis  Virus  ( 6BC ) 


Suspensions  in  extract  broth  sprayed  with  Chicago  atomizers 


Run  No. 

Concentration 

Sprayed 

Relative 

Humidity 

Cloud  Concentration 

Nominal 

Recovery 

Sprayed  Recovered 

(a)  With  2\  inch  Mixing  Chamber 

LDn/0.03  ml.* 

Per  cent 

LDw/lS 

LDbo/l. * 

per  cent 

Bl.l 

4.5  X  103 

63 

1.3  X  103 

4.6  X  101 

3.5 

B1.2 

1.6  X  105 

58 

4.6  X  104 

7.8  X  103 

17.0 

B2.1 

5  X  104 

41 

1.7  X  104 

5.6  X  102 

3.2 

B2.2 

5  X  10® 

54 

1.8  X  105 

5.7  X  103 

3.1 

B2.3 

5  X  10® 

55 

1.8  X  10® 

3.8  X  104 

2.1 

B3.3t 

2  X  10s 

51 

6.4  X  104 

1.3  X  102 

0.2 

B4.1 

4.5  X  104 

39 

1.6  X  104 

1.6  X  103 

10.0 

B4.2 

3  X  105 

43 

6.7  X  104 

1.1  X  104 

15.7 

B5.1 

3.2  X  103 

51 

1.1  X  103 

4.6  X  101 

4.6 

B5.2 

6.3  X  103 

54 

2.3  X  103 

1.1  X  102 

4.6 

B5.3 

3  X  104 

56 

1.0  X  10' 

3.2  X  102 

3.1 

B5.4 

5  X  103 

90 

1.6  X  103 

1.6  X  102 

10.0 

(b)  With  1  inch  Mixing  Chamber 


B7.1 

1 

X 

104 

47 

3. 

4 

X 

103 

2 

4 

X 

102 

8.3 

B7.2 

1. 

8 

X 

10® 

35 

4. 

8 

X 

10® 

5 

2 

X 

104 

11.0 

B9.2 

1 

X 

107 

45 

2. 

9 

X 

10® 

4. 

9 

X 

10® 

16.9 

Bill 

2 

X 

105 

45 

6 

1 

X 

104 

4 

3 

X 

103 

7.0 

Bll  .2 

6 

3 

X 

10® 

38 

1 

4 

X 

10® 

3 

6 

X 

104 

26.5 

B12.2 

3 

5 

X 

10® 

48 

9 

7 

X 

10® 

1 

4 

X 

10® 

14.4 

B13.3 

2 

3 

X 

104 

42 

6 

5 

X 

103 

1 

8 

X 

103 

28.2 

B14.1 

1 

2 

X 

10® 

49 

3 

3 

X 

104 

9 

5 

X 

103 

28.7 

B18.1 

9 

1 

X 

10® 

35 

2 

8 

X 

10® 

4 

0 

X 

10' 

14.1 

B18.2 

1 

0 

X 

10® 

40 

2 

9 

X 

10® 

9 

2 

X 

103 

3.2 

B20 . 1 

1 

5 

X 

10® 

50 

4 

9 

X 

10® 

3 

2 

X 

10' 

6.6 

B21 

1 

2 

X 

10® 

57 

3 

8 

X 

104 

5 

5 

X 

103 

14.4 

B22.2 

6 

6 

X 

104 

59 

2 

0 

X 

104 

4 

2 

X 

103 

21.5 

B22.3 

6 

6 

X 

104 

57 

2 

8 

X 

104 

5 

9 

X 

103 

21 . 3 

B23  1 

7 

9 

X 

104 

50 

2 

.2 

X 

104 

7 

3 

X 

103 

32.9 

B23.2 

8 

.8 

X 

10® 

40 

2 

.4 

X 

10® 

5 

0 

X 

104 

21.2 

B23.3 
B24  1 

1 

7 

.3 

.1 

X 

X 

10® 

104 

43 

50 

3 

2 

.8 

.4 

X 

X 

10® 

104 

1 

6 

.5 

.1 

X 

X 

10° 

103 

38.4 

25.8 

B27 . 1 

4 

.0 

X 

10® 

70 

1 

.1 

X 

10® 

3 

.1 

X 

103 

2.8 

Average  nominal  recovery  with  1  inch  mixing  chamber 


*  Based  on  intracerebral  titration  in  mice, 
t  The  batch  of  C02-frozen  virus  used  in  this  run  was 


not  otherwise  employed. 


STABILITY  AND  INFECTIVITY  OF  BACTERIA 


191 


determining  the  relationship  of  dosage  to  infection;  but  they  have  been 
assembled  here  with  this  end  in  view.  Since  these  experiments  \\(i< 
begun  with  the  first  runs  with  psittacosis  virus,  and  since,  as  far  as  is 
known,  they  are  the  only  instances  of  experimental  exposure  ot  animals 
to  clouds  of  this  agent,  it  has  been  necessary  to  develop  a  method  for 


assessment  and  recording  of  the  animal  findings  as  the  work  progressed. 
It  became  evident  that  the  findings  fell  into  three  groups:  (a)  discrete 
greyish  focal  lesions  on  the  lung  surfaces  similar  to  those  induced  by  Cal 
10,  which  were  generally  countable;  (b)  areas  of  massive  consolidation 
of  the  lung,  generally  accompanied  by  discrete  lesions;  and  (c)  a  fatal 


TABLE  67 


Data  for  a  Single  Series  of  Cloud  Chamber  Rims  with  Psittacosis  Virus  ( 6DC ) 
Involving  a  Test  of  the  Influence  of  Humidity  of  the  Chamber  Atmosphere 

and  the  Exposure  of  Mice* 


Run  No. 

Concentration 

Sprayed 

Rela¬ 

tive 

Humid¬ 

ity 

Cloud  Concentration 

Nomi¬ 

nal 

Re¬ 

covery 

Exposed  Mice* 

Sprayed 

Recovered 

Dose 

Average 

Lung 

Lesion 

Count 

Ratio 

Dose: 

Count 

LDm/0.03  ml. t 

per  cent 

LDm/1.1 

LDbo/lA 

per  cent 

LDtoi 

B5.1 

3.2  X  103 

51 

1.0  X  103 

4.6  X  10' 

4 . 6 

10 

0.4 

25.0 

B5.2 

6.3  X  103 

54 

2.3  X  103 

1.1  X  102 

4.6 

24 

1.0 

24.0 

B5.3 

3.0  X  104 

56 

1.0  X  10' 

3.2  X  102 

3.1 

72 

4.0 

18.1 

B5.4 

5.0  X  103 

90 

1.6  X  103 

1.6  X  102 

10.0 

39 

1.7 

22.9 

See  table  68  for  additional  data  on  these  animals, 
t  Based  on  intracerebral  titration  in  mice. 


outcome,  which  in  fresh  cadavers,  or  in  animals  killed  while  moribund, 
was  found  to  be  accompanied  by  massive  pulmonary  consolidation 
Rapid  post-mortem  changes,  on  the  other  hand,  made  doubtful  or  worth¬ 
less  the  examination  of  animals  that  had  been  dead  more  than  a  few 
minutes.  The  findings  were  recorded,  with  a  view  to  quantitative 
treatment  of  the  data,  in  the  following  ways:  (a)  the  lung  foci  were 
counted  when  present  in  numbers  of  100  or  less  (or,  otherwise,  recorded 
as  ‘more  than  100”);  (b)  massive  consolidation  was  recorded  in  terms 
ot  the  appioximate  area  of  lung  surface  involved:  db  less  than  A-  4-  1  • 
and  each  additional  +,  J;  and  (c)  death  ivas  recorked  as  such  IV 

bodies™  *he  'eS‘0nS  '™S  checked  by  demonstration  of  elementary 
_bodlos  ,n  impression  smears  stained  by  the  method  of  Macchiavello 


Response  of  Mice  Exposed  to  Dry  Clouds  of  Psittacosis  Virus  ( SBC )  Sprayed  from  Suspension  in  Extract  Broth 
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In  the  earliest  experiments  the  animals  were  maintained  for  periods 
ranging  between  <  and  14  days  after  exposure;  while  in  certain  later 
experiments  longer  periods  were  allowed,  ranging  up  to  35  days.  Specific 
deaths  occurred  on  the  6th  day  or  later,  chiefly  before  the  14th  day,  with 
a  peak  mortality  in  the  7-10  day  interval;  but  scattered  deaths  occurred 
as  late  as  the  35th  day.  Pulmonary  lesions,  on  the  other  hand,  appeared 
to  be  fully  developed  by  the  8th  or  9th  day;  thereafter  some  animals 
proceeded  to  recovery  and  showed  few  or  no  signs  of  infection  when 
sacrificed  25  days  or  more  after  exposure;  whereas  others  went  on  to  a 
tatal  outcome.  In  view  of  the  variation  in  experimental  period  among 
these  runs  and  the  consequent  difference  in  the  picture  of  infection  found 
at  autopsy,  it  seemed  necessary  for  quantitative  purposes  to  make  an 
arbitrary  assumption  with  regard  to  a  probable  fatal  result  in  animals 
sacrificed  early.  It  was  accordingly  assumed  that  animals  showing  ± 
involvement  or  more — in  which  the  lung  lesions  had  coalesced  and  were 
therefore  uncountable — would  have  died  if  maintained,  whereas  those 
with  discrete  foci  would  have  recovered.  This  assumption  remains 
to  be  verified  by  direct  experimentation.  The  data  in  table  68  include 
separate  listings  of  the  actual  deaths  and  those  considered  as  predictable 
on  this  basis. 

Table  68  presents  the  findings  in  exposed  mice  assembled  by  individual 
runs  in  order  of  increasing  respiratory  dose.  The  lung  lesion  counts  are 
grouped  and  averaged  in  those  instances  in  which  all  animals  were  found 
to  have  countable  lesions.  The  three  columns  at  the  right  of  the  table 
summarize  the  principle  findings:  the  average  count,  and  the  ratios  ol 
infected  to  total  and  of  dead  to  total  animals.  The  progression  of 
average  lesion  count  with  increasing  dose  is  fairly  regular  except  for 
run  B3.3.  It  has  been  noted  (table  66)  that  this  run  was  performed 
with  a  batch  of  virus  that  gave  an  abnormally  low  nominal  recovery  and 
was  not  subsequently  used.  These  two  runs  have  therefore  been 
omitted  in  the  grouped  data  presented  in  table  69,  which  served  as  the 
basis  for  calculation  of  the  ID53  and  LD50  values  for  this  virus  strain. 

The  ID50  value  for  mice  by  the  respiratory  route  is  found  to  be  15.4 
mouse  int  racerebral  units,  and  is  apparently  a  reliable  value.  I  he  FDso 
is  less  reliable  because  of  the  irregularity  of  the  mortality  data,  and  the 
value  1855  units  may  be  considerably  in  error.  From  the  data  in  table 
68  the  dose  inducing  minimum  infection  may  be  given  as  less  than  6  units, 
and  that  inducing  infection  in  all  animals  exposed  as  about  400  units,  al¬ 
though  in  a  few  instances  individual  animals  escaped  infection  after 
exposure  to  larger  doses.  The  smallest  dose  found  to  cause  death-or 
a  predictable  fatal  outcome  on  the  assumption  given  above  (excluding 
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run  B3.3)  was  160  units,  while  death  occurred  uniformly  with  doses  of 
13,300  units  or  more. 

Respiratory  Exposure  of  Hamsters,  Cotton  Rats  and  Guinea  Pigs 
Only  a  few  animals  of  species  other  than  the  mouse  were  exposed  to 
clouds  of  psittacosis  virus,  and  the  data  available  are  therefore  frag¬ 
mentary.  The  findings  are  given  in  table  70.  Hamsters  and  cotton 
rats  were  exposed  simultaneously  with  mice  in  runs  B7.1  and  B7.2, 


TABLE  69 


Grouped  Data  for  Psittacosis  Virus  ( 6BC )  on  Respiratory  Dosage  Versus  Infective 

Response  in  Exposed  Mice 


Number  of 
Groups 

Range  of  Dosage 

Average 

Dosef 

Infected/ 

Total 

Per  Cent 
Infected 

Dead/Total 

Per  Cent 
Dead 

LDbo* 

LDbo* 

no.  animals 

no.  animals 

1 

2 

0/4 

0 

n 

6-10 

9 

13/37 

35 

i 

24 

15/30 

50 

2 

30-39 

38 

28/34 

82 

1 

72 

28/29 

97 

0/29 

0 

2 

94-160 

124 

21/22 

95 

3/22 

14 

2 

390-400 

394 

10/10 

100 

4/10 

40 

2 

1000-1380 

1,280 

9/16 

56 

2 

1500-1550 

1,520 

7/32 

22 

3 

1680-1880 

1,740 

38/59 

64 

6 

2000-2620 

2,350 

53/101 

52 

1 

3,030 

8/24 

33 

1 

8,850 

3/19 

16 

1 

10,000 

11/13 

77 

5 

13,300  or  more 

81/81 

100 

*  Based  on  intracerebral  titration  in  mice, 
t  Averages  are  weighted  for  the  number  of  animals  in  each  group 
J  Series  3.3,  given  in  table  68,  is  omitted  here  as  aberrant. 


while  another  group  of  cotton  rats,  the  controls  in  a  study  of  vaccinated 
animals,  were  exposed  without  other  species  in  run  B18.1.  The  sur¬ 
viving  animals  in  the  first  two  runs  were  sacrificed  10  days  after  exposure* 
those  in  run  B18.1  were  killed  on  the  18th  day.  In  the  two  runs  in  series 
Bll,  5  guinea  pigs  and  12  mice  were  exposed  simultaneously  to  the  same 
c  oud.  Surviving  animals  in  these  groups  were  sacrificed  7  days  after 
exposure.  Only  actual  specific  deaths  are  listed  as  such  in  table  70. 

unnea  pigs  are  evidently  much  less  susceptible  than  the  other  species 
Hamsters  appear  to  be  slightly  less  susceptible  than  mice  to  an  equal 
concentration-time  product  of  this  strain  of  psittacosis  virus  and  would 
therelore  be  still  less  susceptible  to  the  same  absolute  respiratory  dosl 


TABLE  70 

Comparative  Response  of  Mice,  Hamsters,  Colton  Rats  and  Guinea  Pigs  to  Clouds  of  Psittacosis  Virus  ( 6BC ) 
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The  findings  hardly  permit  comparison  with  cotton  rats.  In  the  two 
groups  examined  10  days  after  exposure  (B7),  cotton  rats  appear  to  be  as 
susceptible  as  mice,  if  not  slightly  more  so,  to  an  equal  concentration- 
time  product,  and  even  in  terms  of  absolute  dosage  the  response  of  the 
former  species  might  fall  within  the  range  indicated  tor  mice  in  table  09. 
The  group  of  cotton  rats  killed  18  days  after  exposure  (B18),  on  the  other 
hand,  inhaled  a  dose  of  virus  within  the  range  that  induced  uniformly 
progressive  infection  in  mice;  but  2  out  of  5  ot  these  cotton  rats  were 
found  to  be  free  from  infection. 


THE  GLEASON  AND  BORG  STRAINS  OF  PSITTACOSIS  VIRUS 

A  single  series  of  runs  was  performed  with  each  of  these  virus  strains. 
The  experimental  conditions  employed  were  the  same  throughout  as 
those  used  for  strain  GBC.  The  findings  for  both  strains  are  summarized 
in  table  71. 

The  Gleason  Strain 

In  the  series  of  runs  with  this  strain  an  error  was  made  in  the  prepa¬ 
ration  of  dilutions  for  titration  of  impinger  fluids,  and  in  consequence 
no  data  are  available  for  cloud  recovery.  Since  circumstances  did  not 
permit  repetition  of  the  experiment,  the  exposed  mice  were  maintained 
for  study.  The  animals  died  or  were  sacrificed  on  successive  days  after 
exposure  with  the  following  results: 


Days  after 
Exposure 


10 


12 

13 

14 

19 

20 
21 
22 
25 


26 

31 

32 


Run  Number: 


B25.1 


B25.2 


B25.3 


10  animals  were  sacrificed  in  each  group: 


10  negative 


1  died 

19  survivors 
killed 


10  negative 


1  died; 

16  survivors 
killed 


3  negative; 

7  showed  1  to  4 
lung  lesions 


2  died 
1  died 
1  died 


2  died 
2  died 
1  died; 

10  survivors 
killed 


B25.4 


2  negative; 

8  showed  1  to  4 
lung  lesions 

1  died 

2  died 

3  died 


1  died 
6  died 


1  survivor 
killed 


TABLE  71 

Data  Obtained  in  Cloud  Chamber  Runs  with  the  “Gleason ”  and  “Borg"  Strains  of  Psittacosis  Virus 
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Considered  in  relation  to  the  data  on  virus  concentration  in  the  reser¬ 
voirs,  which  permitted  estimation  of  the  concentration  of  cloud  sprayed, 
the  foregoing  pattern  of  infective  response  indicated  a  high  order  ot 
infectivity  and  seemed  to  justify  an  attempt  to  gauge  the  probable 
respiratory  dosages.  These  were  placed  at  what  would  seem  to  be 
maximum  levels  by  assuming  a  nominal  recovery  of  33  per  cent.  On 
this  basis  the  dosage  levels  given  in  table  71  were  obtained.  Inhaled 
doses  of  less  than  10  intracerebral  units  thus  seemed  responsible  for 
single  deaths;  and  in  like  manner,  less  than  40  units  induced  infection 
in  more  than  50  per  cent  of  animals,  and  less  than  120  units  induced 
death  in  more  than  50  per  cent.  It  seems  probable  that  this  strain  of 
psittacosis  virus  is  much  more  infective  for  mice  by  the  respiratory  route 
than  strain  GBC.  An  LD50  value  of  120.6  units  has  been  calculated  from 
these  data,  for  comparative  purposes,  by  the  method  of  probits  (table  72). 


The  Borg  Strain 

The  single  series  of  runs  with  this  strain,  data  for  which  are  included 
in  table  71,  yielded  consistent  results  which  indicate  a  high  order  of 
stability  and  infectivity  for  mice.  In  the  first  run  (B26.1),  the  cloud 
concentration  was  too  low  to  permit  its  accurate  estimation  from  the 
impinger  titration  data.  Nominal  recoveries  in  the  other  three  runs 
averaged  23.0  per  cent.  The  respiratory  dosage  for  the  first  run  was 
estimated,  presumably  at  maximum,  by  assuming  it  to  be  one-tenth  that 
in  run  B26.2,  in  which  a  tenfold  concentration  of  virus  had  been  used. 
The  results  for  individual  animals  in  this  series,  as  they  died  or  were 
sacrificed  on  successive  days  after  exposure,  appear  at  top  of  page  201. 

The  focal  lesions  induced  in  the  lungs  by  the  Borg  strain  were  much 
larger  than  those  observed  in  GBC  infection  in  mice,  ranging  from  2  to 
7  mm.  in  diameter. 

In  the  summary  of  these  findings  in  table  71,  deaths  are  estimated  as 
with  GBC  infection  to  include  all  mice  that  showed  pulmonary  consolida¬ 
tion  when  sacrificed.  Such  consolidation  was  never  found  to  be  less 
than  +  .  The  data  reveal  that  less  than  2  mouse  intracerebral  units  of 
this  virus  induced  infection  in  40  per  cent,  and  death  in  20  per  cent  of 
exposed  animals.  Uniform  infection  occurred  with  GO  units  while  the 
highest  dose  used,  1730  units,  induced  a  mortality  of  90  per  cent.  The 

i  v,  e  by  the  ^Piratory  route  is  given  in  table  72  as  20  6  intra 
cerebral  units.  IUItl 


Respiratory  IDhn  and  LI)b0  Values  of  Infective  Agents  Calculated  by  the  Method  of  Probits 
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Borg  Strain  (See  p.  199) 


Days  after 

Run  Number 

exposure 

B26.1 

B26.2 

B26.3 

B26.4 

7 

1  died 

2  died 

s 

11  sacrificed; 

10  sacrificed: 

1  died; 

9  died 

all  negative 

7  negative; 

9  sacrificed: 

10  sacrificed : 

3  showed  1  lung 

7  showed  2  to  9 

3  had  19  to  36 

lesion  each 

lung  foci; 

lung  foci; 

2  had  consol i- 

7  had  +  to 

dation 

+  +  +  con- 

solidation 

9 

9  died 

4  died 

10 

2  died 

2  died 

3  died 

2  died 

11 

5  died 

2  died 

2  died 

12 

1  survivor  sac- 

rificed : 

+  +  +  con- 

solidation 

15 

2  died 

3  died 

4  died 

16 

2  died 

18 

1  died 

21 

1  died; 

9  survivors 

0  survivors 

0  survivors 

13  survivors 

killed: 

killed : 

1  had  5  lung 

6  had  1  to  2 

lesions; 

lung  lesions; 

1  had  +  +  -h 

7  negative 

consolida- 

tion; 

7  negative 

24 

COMPARATIVE  STABILITY  AND  INFECTIVITY 

Data  comparable  with  those  presented  in  this  Section  are  not  known 
to  have  been  reported  elsewhere  in  the  literature.  Despite  their  frag¬ 
mentary  nature  it  therefore  seems  desirable  to  compare  them  provi¬ 
sionally  with  respect  to  the  stability  and  infectivity  of  the  agents  that 
have  boon  studied.  Data  on  both  bacterial  agents  and  viruses  are 

nronedv  Z  ,  acc0,mPaif  ng.  The  viruses,  however,  cannot 

P'ope.ly  be  compared  m  mtectmty  with  the  bacteria  because  the  num- 

known  M  Vm'S  T10168  111  each  infective  unit  of  these  agents  is  not 
o  "■  Moreover,  the  viruses  can  hardly  be  compared  with  one  another 
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in  the  absence  oi  such  knowledge,  since  the  number  of  particles  per  unit 
ma\  not  lie  the  same  tor  the  different  strains.  Comparison  with  respect 
to  stability  to  atomization  seems  permissible,  since  this  property  is 
apparently  independent  of  concentration.  On  the  other  hand,  as  the 
data  gi\  en  previously  suggest  ,  it  may  well  be  that  additional  experiments 
on  suspending  media  would  make  possible  enhancement  of  the  stability 
ol  any  of  the  agents,  and  thus  change  the  order  of  relative  stability. 
I  he  following  listings  of  infectivity  and  stability  are  therefore  tenta¬ 
tive.  The  comparisons  seem  of  value  chiefly  in  that  they  suggest  the 
potential  usefulness  of  a  quantitative  approach  to  problems  of  respira¬ 
tory  infection,  as  noted  in  a  later  paragraph. 


INFECTIVITY  AND  LETHALITY 


The  data  in  table  72  have  been  derived  by  the  method  of  probits* 
from  those  given  in  previous  tables.  It  has  been  noted  that  the  ID50 
value  for  Brucella  suis  in  guinea  pigs,  anti  the  LD50  values  for  Pasteurella 
tularensis  in  mice  and  for  psittacosis  virus  (6BC)  in  mice  are  particularly 
subject  to  correction  because  of  the  limited  scope  or  excessive  variability 
of  the  basic  data.  The  other  six  sets  of  data  yielded  good  linear  plots 
by  the  method  used.  The  LD50  value  for  Malleomyces  'pseudomallei  in 
hamsters  and  the  ID50  value  for  strain  6BC  of  psittacosis  virus  in  mice 
are  based  on  the  most  nearly  adequate  data,  and  are  therefore  consid¬ 
ered  reliable  within  the  narrowest  limits. 

The  LD50  values  for  Whitmore’s  bacillus  and  for  the  agents  of  glanders 
and  tularemia  may  be  interpreted  also  as  ID50  values,  since  all  three 
infections  seemed  to  be  invariably  fatal.  On  the  other  hand,  no  LD5o 
value  can  be  assigned  to  Brucella  suis,  because  infection  in  either  guinea 
pigs  or  mice  within  the  dosage  range  used  was  never  fatal  over  an  experi¬ 
mental  period  of  28  to  30  days.  With  the  virus  strains  studied,  infectiv¬ 
ity  and  lethality  appear  to  be  distinct,  as  indicated  by  the  magnitude  of 
the  difference  between  the  ID50  and  LD50  values  for  the  6BC  stiain. 
Comparable  data  for  the  Gleason  and  Borg  strains  are  not  available,  but 
for  both  it  seems  probable  that  the  ID50  value  would  be  lower  in  terms  of 

intracerebral  units  than  that  for  (>B(  .  . 

In  order  of  decreasing  infectivity  by  the  respiratory  route  the  bactena 

agents  may  be  listed  as  follows: 


1.  Pasteurella  tularensis  for  mice 

2.  Malleomyces  pseudomallei  for  hamsters 


*  The  writers  are  indebted  to  Lt.  (jg)  M.  R._Zelle  for  performing  the  statis¬ 
tical  analysis  and  supplying  the  data  in  table  i2. 
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3.  Brucella  suis  for  mice 

4.  Brucella  suis  for  guinea  pigs 

5.  Malleomyces  mallei  for  hamsters 

The  order  of  decreasing  lethality  by  the  respiratory  route  would  be: 

1.  Pasleurella  tularensis  for  mice 

2.  Malleomyces  pseudomallei  for  hamsters 

3.  Malleomyces  mallei  for  hamsters 


STABILITY  TO  ATOMIZATION 

table  73  summarizes  lor  all  agents  studied  in  this  work  the  media 
found  best  suited  lor  collection  ot  clouds  and  for  use  in  the  preparation 
ol  suspensions  for  Chicago  atomizers,  the  number  of  cloud  chamber  runs 
performed  under  these  conditions,  and  the  average  nominal  recovery 
obtained  in  these  runs.  The  data  are  collected  from  previous  tables  as 
indicated.  Data  on  phenol  red  and  on  the  two  non-pathogens  are  given 
for  purposes  of  reference.  The  recovery  values  for  phenol  red  and  for 
Bacillus  globigii  spores  are  accepted  provisionally  as  maxima  for  an 
inert  substance  and  for  a  resistant  spore,  respectively.  The  value  for 
Serratia  marcescens  is  based  on  standard  runs  at  relatively  low  atomizer 
air  pressure.  As  noted  previously,  a  recovery  approximately  twice  as 
great  was  obtained  at  higher  pressures. 

Among  the  infective  agents  Brucella  suis  and  the  Borg  strain  of  psitta¬ 
cosis  virus  are  found  to  be  most  resistant  to  atomization  under  the 
conditions  used,  while  Pasteurella  tularensis  is  clearly  the  most  labile. 
The  order  of  decreasing  stability  is: 

1.  Brucella  suis 

2.  Psittacosis  virus  (Borg) 

3.  Psittacosis  virus  (6BC) 

4.  Malleomyces  pseudomallei 

5.  Malleomyces  mallei 

6.  Meningopneumonitis  virus  (Cal  10) 

7.  Pasteurella  tularensis 


INFECTIVITY  AND  STABILITY  COMBINED 

The  data  in  this  section  deal  with  a  selected  group  of  highly  infective 
agents  which  were  chosen  as  such.  The  data  may,  hovetei,  Ik  bi ought 
to  bear  on  general  problems  of  air-borne  infection  if  one  considers  these 
agents  as  a  few  representatives  of  a  broad  group,  for  most  ot  which  no 
quantitative  data  are  available.  They  suggest  an  approach  to  problems 
of  respiratory  infection  which  seems  heretofore  to  have  been  inaccessible: 


STABILITY  AND  IN FECTIVITY  OF  BACTERIA 


205 


via  the  quantitative  evaluation  of  infective  agents,  for  example  as  they 
are  involved  in  the  mechanism  of  spread  ot  epidemic  disease.  Such  an 
approach  would  require  data  for  a  broad  range  of  agents  dealing  both 
with  infectivity  and  with  stability.  If  the  doubts  that  must  attach  to 
the  data  in  this  section — with  respect  both  to  their  paucity  and  to  their 
applicability  to  epidemiological  conditions — be  waived  by  way  of 
assumption,  it  becomes  of  interest  to  make  a  further  comparison  of  the 
agents  studied,  with  special  reference  to  the  bacterial  forms  as  before. 
In  this  comparison  both  infectivity  and  stability  are  to  be  considered  in 
suitable  relationship.  It  is  apparent  that  a  highly  infective  but  very 
unstable  agent,  other  conditions  being  equal,  may  have  less  capacity  to 
sustain  an  epidemic  than  one  that  is  less  infective  but  more  stable. 

“Stability-infectivity”  and  “stability-lethality”  indexes  may  be  de¬ 
rived  for  the  agents  studied  on  the  experimental  terms  employed  to 
serve  as  a  basis  for  such  comparison.  To  use  as  an  example  a  micro¬ 
organism  with  intermediate  properties  among  those  tested,  M.  pseudo- 
mallei,  it  may  be  said  that,  if  an  average  of  1G.G  per  cent  of  the  organisms 


in  a  suspension  atomized  are  recoverable  in  a  cloud,  then 


100 

1G.G 


or  G  organ¬ 


isms  must  be  present  in  the  suspension  in  order  to  induce  the  infective 
response  to  a  respiratory  dose  of  1  organism.  The  value  G,  multiplied 
by  the  bl)5r,  for  the  agent,  70  organisms,  yields  the  value  420  as  the 
“stability-lethality”  index,  which  may  be  defined  as  the  number  of 
organisms  per  animal  that  must  be  sprayed  from  suspension  under  the 
conditions  given  in  order  to  induce  death  in  50  per  cent  of  animals  ex¬ 
posed.  A  parallel  “stability-infectivity”  index  is  obtained  by  the  use 
of  ID5o  in  place  of  LD5(;  values. 

Table  <4  presents  these  indexes  for  the  infective  agents  studied,  along 
with  the  recovery  values  and  the  ID50  and  LD6C  values  for  each,  the 
latter  being  given  in  round  numbers.  There  are  also  included  values 
taken  directly  or  estimated  by  inspection  from  the  data  in  previous 
tables,  for  the  minimum  dosage  found  to  induce  infection  (IDInjn)  or 
death  (LDmin)  in  one  or  more  of  a  group  of  exposed  animals,  and  the 
minimum  dosage  found  to  produce  infection  (ID100)  or  death  (LD100) 
m  all  animals  exposed.  Although  these  terminal  values  are  considered 
to  be  inherently  less  precise  than  the  50  per  cent  end-point  values  be¬ 
cause  ot  the  sigmoid  relationship  between  dosage  and  response,  they  seem 

o  m  (iest  in  indicating  the  approximate  range  from  minimum  to  maxi¬ 
mum  response.  aAI 

The  data  used  for  estimation  of  stability-infectivity  and  stability- 
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lethality  indexes  have  all  been  noted  previously  except  for  an  ID50  value 
tor  the  Borg  virus,  set  by  inspection  at  15  mouse  intracerebral  units. 


TABLE  74 

Compai ative  Data  on  Stability  to  Atomization  and  Respiratory  Injectivity  or 

Lethality  of  Six  Infective  Agents 


Br. 

suis 

M .  pseu- 

.1/. 

P.  tula- 

Psittacosis  virus 

domaltei 

mallei 

remis 

6BC 

Borg 

Average  Nominal  Recovery, 

per  cent 

25.9 

16.6 

10.4 

2  3 

18.1 

23.0 

Animal  Species 

Guinea 

Pig 

Mouse 

Hamster 

Hamster 

Mouse 

Mouse 

Mouse 

IDmin* 

40 

<35 

<6 

<2 

IDSot 

130 

100 

15 

IDioot 

Stability-Infectivity 

1570 

720 

400 

10 

Index § 

500 

390 

85 

65** 

LDmin* 

5 

30 

<14 

160 

<2 

LD5ot 

70 

160 

70 

1860 

20 

LDioot 

566 

1090 

330 

13,300 

Stability-Lethality  Index§ 

420 

1540 

3040 

10,000 

90 

All  values  given  represent  organisms  or  mouse  intracerebral  LD5o  units. 

*  Minimal  dosage  producing  infection  or  death  (respectively)  in  one  or  more 
exposed  animals. 

|  See  table  72. 

t  Derived  directly  or  estimated  by  inspection  from  the  data  given. 

§  These  values  are  defined  as  follows: 


Stability-Infectivity  Index  = 


100  X  IDso 

Average  Nominal  Recovery 


Stability -Lethality  Index 


100  X  LD50 

Average  Nominal  Recovery 


Each  value  may  be  said  to  represent  the  average  number  of  organisms  or  in¬ 
fective  units  (mouse  intracerebral  LD50  units  of  virus)  per  animal  which  must  be 
sprayed  to  produce  infection  or  death  (respectively)  in  50  per  cent  of  animals 

exposed. 

**  Estimated  on  the  assumption  of  an  ID60  of  15  units. 

<  =  “less  than.” 


The  relationship  between  the  three  values  in  each  group 
agents  suggests  that  this  value  is  high. 


for  the  other 
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If,  as  was  done  above,  the  LD5o  values  for  the  organisms  of  glanders, 
melioidosis  and  tularemia  are  accepted  also  as  ID50  values,  the  order  ol 
decreasing  stability -injectivity  may  be  listed  for  the  bacterial  agents  as 
follows: 


1.  Brucella  suis  for  mice 

2.  M alleomyces  pseudomallei  for  hamsters 

3.  Brucella  suis  for  guinea  pigs 

4.  Malleomyces  mallei  for  hamsters 

5.  Pasteur ella  tularensis  for  mice 

while  the  order  of  decreasing  stability -lethality  is: 

1.  Malleomyces  pseudomallei  for  hamsters 

2.  Malleomyces  mallei  for  hamsters 

3.  Pasteurella  tularensis  for  mice 


RESPIRATORY  AND  OTHER  ROUTES  OF  INFECTION  COMPARED 


It  seems  of  interest  to  compare  the  50  per  cent  values  for  infectivity 
and  lethality  by  the  respiratory  route  obtained  in  this  work  with  those 
for  the  same  infective  agents,  by  the  respiratory  and  other  routes, 
obtained  by  other  workers  at  Camp  Detrick.  These  data  are  assembled 
in  table  75.  All  values  are  given  in  terms  of  organisms  for  bacterial 
agents,  or  of  mouse  intracerebral  LD5(,  units  for  the  virus  strains,  as  has 
been  done  throughout  this  report. 


It  is  apparent  that  tor  all  these  agents  the  respiratory  route  of  inocula¬ 
tion  is  quantitatively  less  effective  than  one  or  more  other  routes.  For 
at  least  two  reasons  this  finding  does  not  seem  surprising.  One  factor 
which  would  be  expected  to  increase  the  effective  respiratory  dose,  as 
compared  with  dosage  by  implantation  directly  into  the  tissues,  is  the 
barrier  to  intection  provided  by  the  pulmonary  epithelium  and  secre¬ 
tions.  It  may  be  noted  that  the  values  for  Pasteurella  tularensis  in¬ 
oculated  on  other  epithelial  surfaces  (by  the  intranasal  and  percutaneous 
routes)  are  likewise  relatively  high.  The  other  factor  depends  on  the 
circumstance  that  only  part  of  the  inhaled  cloud  actually  impinges  on 
tissue  surfaces,  the  remainder  being'exhaled  and  lost.  Landahl  and  his 
collaborators  (28)  recently  reported  data  for  distribution  in  the  human 
respiratory  tract  of  clouds  of  tricalcium  phosphate  with  different  particle 
size  ranges.  The  findings  indicate  that  in  the  range  ,  to  2.5  microns 
n  which  the  infective  clouds  studied  by  the  present  writers  appear  to  fall’ 
to  25  pei  cent  ol  the  cloud  is  retained  in  the  nose,  25  to  45  per  cent  in 
ie  lung,  «  h lie  65  to  30  per  cent  is  exhaled.  The  actual  respiratory  dose 
may  thus  be  less  than  one-half  the  calculated  inhaled  dose  in  terms  of  the 
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whole  respiratory  tract,  and  as  little  as  25  per  cent  of  the  inhaled  dose 
in  terms  of  the  lungs  alone. 

.  rhe  resPlrat°ry  ID50  and  LD50  values,  respectively,  for  Brucella  suis 
m  guinea  pigs  and  lor  Pasteurella  tularensis  in  guinea  pigs,  obtained  by 
Henderson  and  his  group  with  the  British  equipment  (18),  as  given  in 
table  <5,  are  in  noteworthy  disagreement  with  the  values  obtained  in 


TABLE  75 

Comparative  Data  for  Six  Infective  Agents  on  Infectivity  for  Laboratory  Animals  by 

Different  Routes  of  Infection 


Br. 

suis 

M . 

M. 

pseud  r 
mallei 

P. 

tala- 

rensis 

Psittacosis  virus 

mallei 

6BC 

Borg 

organisms 

i.c.  LDso  units 

Guinea 

Pig 

Mouse 

Ham¬ 

ster 

Ham¬ 

ster 

Mouse 

Mouse 

Mouse 

Route 

IDbf) 

IDbo 

LD  50 

LDbo 

LDin 

ID  0 

LDbo 

LDbo 

Respiratory 

(those  data) . 

130 

100 

70 

160 

70 

15 

1,860 

20 

Respiratory 

(Henderson  (18)) .  . 
Intranasalf . 

36 

12* 

1 58  f 

Intraperitoneal . 

6 1 

15§ 

20  § 

It 

25** 

124** 

Subcutaneous . 

6t 

n 

15§ 

20  § 

It 

>250,000** 

1,860** 

Intracerebral . 

|  ** 

J  ** 

Intravenous . 

Intracutaneous . 

lOf 

15t 

It 

46** 

Percutaneous . 

159 1 

*  Guinea  pig. 

t  Data  from  Capt.  L.  L.  Coriell,  Camp  Detrick. 

+  Data  from  Major  S.  S.  Elberg,  Camp  Detrick. 

§  Data  from  Lt.  W.  It.  Miller,  Camp  Detrick. 

**  Data  from  Lt.  CL  Meiklejohn,  Camp  Detrick. 


the  present  work  with  the  same  agents  for  guinea  pigs  and  mice,  respec¬ 
tively.  Guinea  pigs  and  mice  have  been  found  about  equally  susceptible 
to  the  tularemia  organism  by  most  routes  of  inoculation  (4).  Iheii 
relative  susceptibility  by  inhalation  has  not  been  tested  undei  com¬ 
parable  conditions.  Parallel  studies  with  the  two  types  of  equipment, 
in  which  aliquots  of  the  same  culture  were  used  for  spraying  and  condi¬ 
tions  were  otherwise  strictly  comparable,  might  provide  an  explanation 
for  these  discrepancies.  In  the  absence  of  such  studies  the  following 
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possible  factors  of  difference  may  be  mentioned:  (a)  the  Henderson  data 
are  more  extensive  than  those  reported  here,  and  may  consequently  be 
more  precise;  (b)  with  the  British  equipment  the  animals  are  held  in¬ 
dividually  for  exposure,  and  their  respiratory  volume  may  be  greater 
because  of  excitation  than  by  the  writers’  method;  and  (c)  the  British- 
type  impingers,  as  suggested  by  the  data  in  Chapter  12,  may  give  lower 
values  than  the  impingers  used  in  this  work.  The  two  latter  factors 
would  indicate  lower  than  actual  respiratory  dosage  values  by  the 
British  method. 

It  seems  worthy  of  note  that  the  LD50  value  of  P.  tularensis  for  the 
mouse  by  the  intranasal  route,  as  given  in  table  75,  15G  organisms,  is 
more  than  twice  as  high  as  the  respiratory  LD50  for  this  organism  ob¬ 
tained  in  the  present  study.  One  would  expect  the  intranasal  dose 
to  be  lower  rather  than  higher  than  the  inhaled  dose  because  of  irritation 
of  the  respiratory  tract  induced  by  the  intranasal  technique.  This  would 
seem  to  be  true  particularly  with  this  organism,  which  appears  to  be 
infective  via  the  upper  respiratory  mucous  membrane  as  well  as  via  the 
lungs  themselves. 


SUMMARY  OF  SECTION  V 

the  findings  in  cloud  chamber  studies  with  a  group  of  viable  agents, 
including  two  non-pathogenic  bacterial  species,  four  highly  infective 
bacteiial  species,  and  lour  strains  of  the  psittacosis  group  of  viruses, 
ha\e  been  presented  and  discussed  with  particular  reference  to  the 
following  subjects:  (a)  the  selection  of  a  medium  for  collection  of  clouds 
in  impinger  samplers;  (b)  comparative  cloud  recoveries  with  different 
suspending  media  used  for  atomization;  (c)  the  influence  of  variations 
in  relative  humidity,  temperature  and  other  conditions  on  recoverability 
of  the  cloud;  and  (d)  the  results  obtained  in  laboratory  animals  exposed 
to  infective  clouds.  The  findings  are  given  separately  for  each  agent 
and  are  then  considered  comparatively  with  special  reference  to  the 
ucteiial  agents.  'Virus  strains  are  not  compared  in  infectivity  with 
bacteria  or  with  one  another  because  of  the  unknown  magnitude  of  the 
infective  units  of  these  strains  in  terms  of  actual  virus  particles. 

‘  n.1<)11S  the  bactenal  agents,  Pasteurella  tularensis  and  Malleomyces 
vpdomalln  are  found  to  be  first  and  second,  respectively,  in  order  both 

° ,  ”feCl‘V‘ty  and  01  lethality-  Srucelh  suis  appeared  to  be  the  most 
t/  u  0  10  a(‘tlve  Path°gens  to  atomization  under  the  conditions  used 

*  Bors  and  6BC  strains  of  psittacosis  virus  being  next  in  order,  re^t 

<Ij,  tins  regard.  In  a  list  in  which  the  factors  of  stability  and 
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infect ivity  were  combined  in  a  suggested  index  of  potential  epidemiolog¬ 
ical  activity,  Brucella  suis  was  first  among  the  bacterial  agents.  When 
lethality  rather  than  infectivity  was  the  factor,  this  position  was  occu¬ 
pied  by  Malleomyces  pseudomallei. 

The  animal  data  obtained  in  this  work  are  compared  in  a  concluding 
section  with  dosage  data  obtained  by  other  workers  at  Camp  Detrick  by 
the  inhalation  and  by  other  routes  of  inoculation.  Higher  dosage  levels 
were  generally  found  to  be  required  for  effective  inoculation  by  inhalation 
than  by  introduction  directly  into  the  tissues. 


GENERAL  SUMMARY 

The  installation  at  Camp  Detrick  for  the  study  of  experimental  air¬ 
borne  infection,  as  described  in  this  report,  is  an  especially  designed 
building  which  houses  two  complete  cloud  chamber  units,  with  appro¬ 
priate  safeguards  to  permit  the  study  of  highly  infective  agents,  and  with 
accessory  rooms  and  equipment  for  bacteriological  preparation  and 
work-up,  for  animal  maintenance,  autopsy  and  disposal,  for  animal  cage 
processing,  and  for  the  washing  and  sterilization  of  glassware.  The 
central  equipment  was  designed  to  meet  two  requirements:  (a)  to  make 
possible  the  safe  handling  of  active  pathogens  capable  of  being  air-borne; 
and  (b)  to  permit  the  quantitative  study  of  experimental  air-borne 
infection  in  small  laboratory  animals.  In  the  interests  of  safety  the 
equipment  and  associated  methods  were  so  designed  that  infective  clouds 
could  be  generated  and  sampled,  and  animals  introduced  into  the  cloud, 
removed,  maintained,  autopsied,  examined  and  disposed  of,  all  in  a 
completely  closed  system,  from  all  parts  of  which  the  exhaust  was 
evacuated  to  an  air  incinerator.  The  safety  of  the  methods  has  been 
demonstrated  with  the  aid  of  experiments,  using  spore  clouds,  on  leak¬ 
age  and  on  the  persistence  of  contamination  of  animal  coats;  and  by 
the  use  of  normal  animals  held  in  contact  with  animals  exposed  to 
infective  clouds.  Successful  attainment  of  the  objective  of  safety  is 
further  attested  to  by  the  freedom  from  infection  among  the  personnel 
during  six  months  of  intensive  study  with  several  of  the  most  notorious 

incitants  of  laboratory  infections. 

Satisfactory  methods  have  been  developed  for  the  quantitative  study 
Of  infective  clouds.  These  methods  have  been  found  in  general  to  yield 
adequately  reproducible  data.  The  sources  of  error  have  be®  invest 
eated  and  where  possible  the  errors  have  been  assessed.  The  laig ,  • 
errors’  appear  to  be  due  to  biological  variability,  particularly  in  the 
respiratory  volume  of  animals,  and  in  the  characteristics  o  cei  ai 
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infective  agents,  notably  Pasteurella  tularensis.  Data  on  recovery  ot 
infective  clouds,  which  permit  estimation  of  comparative  stability  to 
atomization  and  of  animal  dosage  by  the  respiratory  route,  have  been 
based  on  control  and  measurement  of  airflow  through  the  cloud  chamber, 
on  determination  of  the  amount  and  concentration  of  agent  sprayed, 
and  on  estimation  of  the  concentration  of  agent  recovered  in  samplers. 
Theoretical  considerations  based  on  experiments  with  a  dye  (phenol  red) 
led  to  the  formation  of  equations  for  the  development  and  disappearance 
of  a  cloud  under  the  conditions  employed.  Certain  methods  of  calcula¬ 
tion  have  been  based  on  these  findings.  Experimental  data  indicate 
that  the  cloud  remains  satisfactorily  uniform  in  both  time  and  space 
after  equilibrium  concentration  has  been  reached. 

An  investigation  of  atomizers,  as  they  are  used  both  industrially  and 
in  studies  of  air-borne  infection,  and  comparative  experimental  studies 
of  several  atomizer  types,  led  to  the  adoption  of  an  all  glass,  direct- 
spray,  peripheral  air-jet  instrument  (the  Chicago  atomizer)  in  preference 
to  others,  including  the  more  conventional  “nebulizers.”  In  use  the 


spray  has  been  mixed  as  it  leaves  the  atomizer,  by  means  of  a  tubular 
“mixing  chamber,”  with  added  (“secondary”)  air  which  has  served  to 
dilute  the  cloud,  to  dry  or  humidify  it,  and  to  maintain  a  desired  rate  of 
airflow  through  the  chamber.  A  simple  collecting  device  (“impinger”), 
used  with  an  appropriate  fluid  medium,  was  found  in  comparative  tests 
to  be  satisfactory  for  sampling  clouds  of  all  agents. 

}  These  methods  have  been  applied  in  cloud  chamber  studies  with 
bacillus  globigii  spores  and  Serratia  marcescens,  anti  with  the  following 
infective  agents:  Brucella  suis,  Malleomyces  pseudomallei  and  M.  mallei , 
Pasteurella  tularensis,  meningopneumonitis  virus,  and  three  strains  of 
psittacosis  virus,  the  data  are  assembled  with  special  reference  to  (a) 
the  selection  of  media  for  collection  of  clouds,  and  for  the  attainment  of 
stability  during  atomization;  and  (b)  the  measurement  of  respiratory 
inactivity  and  lethality  for  small  animals.  The  data  indicate  that  most 
o  hese  agents,  in  the  continuously  flowing  clouds  studied,  are  more 
stable  at  relative  humidities  above  70-80  per  cent  than  when  sprayed 
into  a  dry  atmosphere,  apparently  because  of  the  immediately  destruc¬ 
tive  eflect  o  drying.  Higher  recoveries  of  Serratia  marcescens  were 
obtained  as  the  atomizer  air  pressure  was  increased  up  to  a  limitW 
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stability  ot  individual  agents.  Preliminary  data  are  given  for  respira¬ 
tory  dosage  ol  animals  resulting  in  infection  or  death  in  50  per  cent  of 
exposed  animals.  Combined  indexes  of  infectivity  or  lethality  with 
stability  to  atomization  are  derived  and  compared  for  the  bacterial 
agents  studied. 
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Agitation  in  atomizers,  92 
Airbrush,  artist’s,  77 
Airflow,  chamber.  See  also  Primary, 
Secondary,  Tertiary  airflow, 
control  of,  37 
errors  of,  69 

Air  lines,  chamber,  12,  16,  18 
Airlock,  animal,  8,  10,  50 
chamber,  15,  16,  17 
air  line  for,  18 
port  for, 13, 14 
sterilization  of,  37 
incinerator,  7 
kitchen,  7 
operating  suite,  9 
Air  pressure,  balance  of,  37 
Air  pressure  effect,  atomizer,  98-102, 153- 
156 

Anaphylaxis,  respiratory,  method  for,  48 
Animal  coat  contamination,  117-120 
Animal  dosage,  calculation  of,  62,  127 
predetermination  of,  63 
Animal  room,  8,  10 
Animal  storage  box,  20,  21,  50 
processing  of,  53 
use  of,  41-42,  49-52 
Animal  transfer  box,  21 
Animal  cabinet,  ventilated,  23 
Animals,  equipment  for,  19-27 
methods  for,  4S-54 
preparation  of,  48 
procedures  for  exposure  of,  41-47 
safety  tests  with,  30,  117 
transfer  of,  51-52 
Ascorbic  acid,  167 

Atomization  of  labile  agents,  90-93 
Atomizers.  See  also  Fluid  flow,  Primary 
airflow,  and  under  names  of  in¬ 
dividual  atomizers. 

air  pressure  effect  with,  98-102,  153-156 
comparative  studies  of,  93-98,  143 
connection  of,  to  primary  air,  31 


medicinal,  77,  80 
observation  of  performance  of,  36 
particle  size  distribution  of,  87 ,  101 
air  pressure  effect  and,  101 
principles  of,  86 
types  of,  75 

Atomizer-mixer  assembly,  79,  81,  82, 107, 
108 

placement  of,  31,  32 
Atmozon  spray,  86 

Bacillus  anthracis,  agitation  phenome¬ 
non  with,  92 

Bacillus  globigii,  137-138 
animal  coat  contamination  with,  117 
nominal  recovery  of,  138 
particle  size  distribution  of,  133 
preparation  of,  137 
safety  tests  with,  30,  117 
sampling  studies  with,  111-114 
stability  of,  138 
comparative,  203 

Bacillus  prodigiosus.  See  Serratia  mar- 
cescens. 

Bacillus  sublilis,  agitation  phenomenon 
with,  92 

Bacteriostatic  effect  of  atomizers,  93 
Baskets,  animal,  24,  25,  26 
use  of,  41-44 
Benesch  atomizer,  76 
Borg  virus,  182,  198-201 
infect ivity  of,  by  different  routes,  208 
respiratory  infection  with,  198-201 
stability  of,  comparative,  203 
Broth,  use  ot,  in  collecting  media,  151 
162 

in  suspending  media,  94,  153,  167,  187 
Brucella  suis,  141-151 
animal  coat  contamination  with,  118 
collecting  media  for,  145 
contact  infection  with,  119 
error  of  poured  plate  of,  68 
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Brucella  suis — cont. 
infectivity  of,  comparative,  202-204 
by  different  routes,  208 
nominal  recovery  of,  147-148 
particle  size  distribution  of,  133 
preparation  of,  145 
respiratory  infection  with,  148-151 
stability  of,  comparative,  203 
stability -infectivity  index  of,  206 
suspending  media  for,  146-148 
Brucellosis,  148-151 

Cabinet,  ventilated,  23 
Cage  processing,  7 
Calculations,  60-63 
of  mass  median  diameter,  57 
Cascade  impactor,  57 
Chamber  room,  8 ,  10,  34 
Chicago  atomizer,  18,  80,  81 
care  of,  104 

comparative  data  on,  94-98,  143 
construction  of,  102 
selection  of,  basis  for,  98 
Chick  embryonic  fluids  as  suspending 
media,  183 

Cloud  chamber,  11,  12,  16 
basic  operations  with,  33-40 
building,  6-10 
effective  volume  of,  125 
operation  of,  29-48 
procedures  for,  40-47 
preparation  for  use  of,  31 
standard  operating  procedure  for,  45 
sterilization  of,  39 
tests  for  leakage  of,  29 
Cloud  development  and  disappearance, 
122,  123-127 
equations  for,  124,  125 
reciprocity  of,  126 
Cloud  uniformity,  127-130 
Collecting  devices.  See  Samplers 
Collecting  media.  See  under  names  of 
agents. 

Collison  spray,  83 

Concentration  effect  in  atomizers,  91 
Contact  infection,  118-120 
Control  panel,  15,  17 
Cotton  filter  samplers,  111 


Cotton  rats,  meningopneumonitis  in 
185-187 

psittacosis  in,  195-197 
Counting,  errors  of,  68-70 
methods  for,  59 
Crew  for  cloud  chamber,  33 
Culture  media.  See  under  Preparation, 
for  individual  agents. 

Cysteine,  162 

Darby  atomizer,  SI ,  82 
comparative  data  on,  94-98,  143 
Decontamination  room,  9 
Desiccation,  92.  See  also  Relative  hu¬ 
midity. 

Detrick  atomizer,  82,  93,  94 
DeVilbiss  40  atomizer,  83,  85 
comparative  data  on,  94-98, 143 
DeVilbiss  115  atomizer,  78 
DeVilbiss  180  atomizer,  83,  84 
used  with  glycol,  29,  47 
Dextrin,  use  of,  in  collecting  media,  162 
in  suspending  media,  94,  96,  140,  141, 
146,  153,  167,  187 

Dextrin-tryptose-saline  medium,  146 
Dilution,  errors  of,  68,  189 
methods  for,  58 

Disinfectant  bag  technique,  49,  50 
Disinfection  of  reservoirs  and  samplers, 
38 

Dosage,  calculation  of,  62 
loss  of,  by  exhalation,  207 
predetermination  of,  63 
units  of,  for  viruses,  182 
Driers,  10,  15,  16,  18 
Dry  cloud  range,  143 
Dyes,  method  for,  54 
Dye-tracer  method,  55 
use  of,  133,  153 
Dynamics  of  clouds,  122-126 
significance  of  data  on,  126 

Effective  drop  size  (EDS),  57 
Epidemiological  index,  205 
Errors,  63-72 
of  airflow,  69,  71 

of  dilution  and  titration,  68,  1S9 
of  respiratory  volume  averages,  71 
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of  sampling,  71,  112,  116,  130 
of  timing,  42,  44,  68 
of  weighing,  67 
overall,  63, 121 

Filter,  air,  16 
atomizer,  31 
Filter  samplers,  111 
Flowmeters,  errors  of,  69 
fluid,  27 

on  air  lines,  16, 18 
sampling,  19 

Fluid  flow,  effect  of,  on  particle  size,  131 
on  relative  humidity,  35,  36 
errors  of,  69 
factors  in,  103 
induction  of,  76 

Gelatin  diluent,  139 
use  of,  in  collecting  media,  162 
in  suspending  media,  140-142,  146, 
153,  167,  187 
Germ-free  techniques,  3 
Glanders,  161 

bacillus.  See  Malleomyces  mallei 
Glass  beads  in  samplers,  112 
Glassware  washing,  effect  of,  on  Pas- 
teurella  tularensis,  177 
Gleason  strain,  182,  197-199 
Glycerin,  use  of,  in  collecting  media,  162 
in  suspending  media,  140, 142,146, 153, 
167, 170,  187 

Glycol.  See  Triethylene  glycol 
Graeser  atomizer,  86 
Guinea  pigs,  brucellosis  in,  148-151 
psittacosis  in,  195-197 

Hamsters,  glanders  in,  161 
melioidosis  in,  156-158 
meningopneumonitis  in,  185-187 
psittacosis  in,  195-197 
Humidifier,  15,  16,  18 
Humidity.  See  Relative  humidity 
Hygrometer,  16,  21, 33 

ID50,  estimation  of,  200,  202 
Ice  cans,  32 

Impaction  in  atomizers,  91 


Impingement  losses,  107,  121 
Impinger,  19,  108-116 

connection  of,  in  chamber,  31 
efficiency  of,  112 
error  of,  71 

operation  of,  113-115 
stem  washing  of,  113 
tubular,  115 
Incinerators,  6 

Infection-dosage  relationship,  varia¬ 
bility  of,  64 

Infectivity,  comparative,  201-204 
Infectivity-stability  index,  205 

Kitchen,  7 

LDso,  estimation  of,  182,  200,  202 
Laboratory,  9 
Laboratory  accidents,  60 
Laboratory  infection,  1 
Leakage,  tests  for,  29 
Lethality,  comparative,  201-204 
Lethality-stability  index,  205 
Lights,  warning  system  of,  9 
Loosli  atomizer,  84 
used  with  glycol,  28 
Loss,  factors  in,  91 
Losses,  by  exhalation,  207 
by  impingement,  107,  121 
Louisiana  pneumonitis  virus.  See  Borg 
virus. 

Malleomyces  mallei,  159-161 
infectivity  of,  by  different  routes,  208 
infectivity  and  lethality  of,  compara¬ 
tive,  202-204 

nominal  recovery  of,  159, 161 
preparation  of,  159 
respiratory  infection  with,  161 
stability  of,  comparative,  203 
stability-infectivity  and  stability- 
lethality  indexes  of,  206 
Malleomyces  pseudomallei,  151-158 
atomizer  air  pressure  effect  with,  153- 
156 

contact  infection  with,  119 

error  of  streaked  plate  count  of,  68,  70 

infectivity  of,  by  different  routes,  208 
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Malleomyces  'pseudomallei — coni. 
infectivity  and  lethality  of,  compara¬ 
tive,  202-204 
nominal  recovery  of,  153 
preparation  of,  151 
relative  humidity  and,  152 
respiratory  infection  with,  156-158 
stability  of,  comparative,  203 
stability-infectivity  and  stability- 
lethality  indexes  of,  206 
suspending  media  for,  153 
Marmite,  167 

Mass  median  diameter  (MMD),  57 
Melioidosis,  156-158 

bacilus.  See  Malleomyces  pseudomal¬ 
lei 

Meningopneumonitis  virus,  183-187 
contact  infection  with,  119 
respiratory  infection  with,  184-187 
stability  of,  comparative,  203 
Methylene  blue,  107 
Mice,  brucellosis  in,  148-151 
meningopneumonitis  in,  184-185 
psittacosis  in,  1S9-195,  197-201 
safety  tests  with,  30,  117 
tularemia  in,  178-181 
Mixing  chambers,  19,  79,  81 ,  106-108 
connection  of,  to  secondary  air,  31 
early  models  of,  106 
impingement  on,  97 
one-inch,  81,  93,  108 
two-and -one-half  inch,  79,  93,  107 

Nebulizers,  76,  80,  82,  84,  85 

compared  with  atomizers,  93-98,  143 
Nominal  recovery,  60.  See  also  under 
names  of  agents, 
reproducibility  of,  64 
significance  of,  127 
Nitrogen,  178 

Olive  oil,  use  of,  in  collecting  media,  127, 
139, 145 

Operating  suite,  7,  8 

Oxidation  during  atomization,  92 

effect  of,  on  Pasteurella  tularensis,  178 


Paint  sprays,  77 

Paraffin-petrolatum  seal  for  animal 
boxes,  20,  54 

Particle  size  distribution,  131-134 
atomizer  air  pressure  effect  and,  101 
factors  in,  87 
fluid  flow  and,  131, 132 
methods  for  estimation  of,  57 
primary  air  and,  131, 132 
Pasteurella  tularensis,  161-181 
collecting  media  for,  162 
contact  infection  with,  119 
glassware,  effect  on,  177 
growth  conditions  for,  influence  of, 
166,  173,  175 

infectivity  of,  by  different  routes,  208 
infectivity  and  lethality  of,  compara¬ 
tive,  202-204 
instability  of,  167-173 
nitrogen,  effect  on,  178 
nominal  recovery  of,  167-170,  173,  174 
preparation  of,  162 
relative  humidity  and,  163-166 
respiratory  infection  with,  178-181 
stability  of,  comparative,  203 
stability-infectivity  and  stability- 
lethality  indexes  of,  206 
suspending  media  for,  166-173 
temperature,  effect  on,  173-176 
time  and  temperature  of  growth,  effect 
on, 173 

Pepticase,  use  of,  in  suspending  media, 
94,  96,  140,  141 

Peptone,  use  of,  in  collecting  media,  162 
in  suspending  media,  166-169 
Phelps-Buchbinder  atomizer,  86 
Phenol  red,  120-122 
method  for,  55 
nominal  recovery  of,  121 
particle  size  distribution  of,  133 
stability  of,  comparative,  203 
total  recovery  of,  120 
tracer  studies  with,  133,  153 
Plating,  errors  of,  68 
methods  for,  58 
Primary  air,  31 
connection  for,  31 
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effect  of,  on  fluid  flow,  103 
on  particle  size,  131 
piping  for,  18 

pressure  effect,  98-102,  153-156 
Psittacosis,  189-201 
laboratory  infection  with,  1 
Psittacosis  virus,  1S7-201 .  Sec  also  Borg 
virus,  Gleason  strain, 
cloud  uniformity  of,  130 
collecting  media  for,  1S7 
contact  infection  with,  119 
infectivity  of,  by  different  routes,  20S 
nominal  recovery  of,  188-190 
relative  humidity  and,  189,  191 
respiratory  infection  with,  189-201 
stability  of,  comparative,  203 
suspending  media  for,  187 

Rats,  tularemia  in,  179 
Relative  humidity,  control  of,  34,  36 
critical  range  of,  143 
effect  of,  94-97,  143,  152,  163-166,  189- 
191 

Reservoir,  animal,  26 
atomizer,  19,  31,  32,  79,  81 
attachment  of,  31,  32 
removal  of,  from  chamber,  38 
Respiratory  infection.  <See  under  names 
of  agents. 

Respiratory  infection  and  other  routes 
compared,  207 
Respiratory  volume,  62 
error  of,  71,  209 
Restrictors,  calibration  of,  103 
connection  of,  31 

Safety,  1 , 3 

in  dilution  and  plating,  59 
Safety  precautions,  9,  10,  51,  113 
Safety  tests,  29-31,  117 
Samplers,  19, 108-1 16.  See  also  Impinger. 
cotton  filter,  1 1 1 
errors  of,  71,  112-116,  130,  209 
Moulton,  110 

removal  of,  from  chamber,  38 
Secondary  air,  89,  106 
connection  of,  31 
influence  of,  on  atomizers,  S9 


in  mixing  chamber  design,  106 
manipulation  of,  for  control  of  relative 
humidity,  34,  36 
piping  for,  18 
Serial  numbers,  34,  137 
Serratia  marcescens ,  138-144 

atomizer  air  pressure  effect  with,  98- 
102 

atomizer  performance  with,  93-98 
cloud  uniformity  of,  127-130 
collecting  media  for,  139 
nominal  recovery  of,  140-142 
preparation  of,  139 
relative  humidity  and,  94-97,  143 
sampling  data  for,  111-115 
stability  of,  comparative,  203 
suspending  media  for,  140-142 
Serum,  use  of,  in  collecting  media,  162, 
187 

Serum  ultrafiltrate,  139 
Service  areas,  7 

Shearing  action  of  atomizers,  91 
Snout  exposure  versus  total  exposure,  72, 
120,  209 

Spores,  sterilization  of,  30.  See  also 
Bacillus  globigii 
Stability,  comparative,  204 
Stability -infectivity  index,  205 
Stability-lethality  index,  205 
Sterilization,  of  animal  boxes,  53 
of  chamber  airlock,  37 
of  cloud  chamber,  39 
of  exhaust  air,  6,  9,  12,  16 
of  spores,  30 
of  sump  tank,  39 
Sump  tank,  12,  16 
sterilization  of,  39 

Suspending  media.  See  under  names  of 
agents. 

Temperature,  effect  of,  on  Pasleurella 
tularensis,  173-176 
Tertiary  air,  18,  44 
Tidal  air,  62,  71, 209 
Timing,  errors  of,  68 
Titration,  errors  of,  65,  68,  189 
Total  exposure  versus  snout  exposure 
72,  120,  209 
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Total  recovery,  120-122 
calculation  of,  61 
Transfer  box,  21 
use  of,  52,  53,  54,  55 
Transfer  room,  8 
use  of,  59 
Trap  door,  13 
Trapeze  basket,  26 
Triethylene  glycol,  air  line  for,  18 
tests  with,  method  for,  47 
vaporizers  for  use  with,  28 
Triple-jet  atomizer,  78,  79 
comparative  data  for,  94-98,  143 
Tryptose  saline,  65,  94, 145 
Tularemia,  178-181 

bacillus.  See  Pasteurclla  tularensis 
Tyndall  beam,  use  in  mixing  chamber 
design,  107 

for  observation  of  atomizer  perform¬ 
ance,  37 

Ultraviolet  installation,  8 

Vacuum,  animal,  manifold,  10 
use  of,  49 
for  airlock,  15 


for  chamber,  12,  37 
pumps,  6 

Vaponephrin  atomizer.  See  Darby 
atomizer. 

Vaporizers  for  triethylene  glycol,  28 
Ventilated  cabinets,  23 
basis  for  use  of,  120 
use  of,  51 

Ventilation,  of  animal  boxes,  10 
of  animals,  in  chamber,  43 
in  airlock,  41 
of  building,  6 
of  operating  suite,  9 
of  transfer  room,  8,  59 
Viruses,  1S2-201 
dosage  units  for,  182 
error  of  estimation  of,  65,  1S9 

Warning  lights  in  operating  suite,  9 
Weighing,  errors  of,  67 
Wells  atomizer,  83 
Wet  cloud  range,  143 
Whitmore’s  bacillus.  See  Malleomyces 
'pseudomallei 
Work  sheets,  33,  35 

ZoBelPs  solution,  94, 145 
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